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Abstract: A phenomenological model developed independently of most of the recent
theoretical concepts is presented, the process of its development is degsrdfédity with

the quark model is shown, and its properties and some of their consequences are discussed.

1. Introduction

In this contribution we describe an attempt to formulate on the basis of a fewmphy s
fundamental assumptions a new model of particle composition. The idea had its origin in
some dissatisfaction with the present state of art in particle physlas ghe conviction that
the true story has to be simpler, more general and more beautiful. But sumethchanges
seem to be insufficient. Therefore only a radical, challenging proposal, rer imatt
hopeless and unpopular at first, may possibly clear the way to finding the righdrsolut

2. Basic assumptions

Basic assumptions of the model are the following:

1) There are four fundamental components of partialés:B™~, C—, D", where the
superscripts belong to the electric chafand the baryon numb&: Their values aret'z ¢,
whereg is the electric charge of the positron, and /&¥heres is the baryon number unit.

2) Each particle is composed of a certain number of the four fundamental components. In
all decays and interactions the total number of components of each kind is striséyved.

The composition of a particle can be expressedlas][ wherea is the number of
component®™ , b the number oB™", etc. The charge® andB of a particle are thus:
Q =% @tb—c—9 and B =% @—b—c+d. (1)

The total number of components of each particle is always even. Tre=sa#b+c+d
can thus be 2, 4, 6, etc. One can expect that the pairs of components are fermions with spin
% h and that the bosons are composed of an even number of such pairs. Hence, for fermions
scan be 2, 6, 10, etc., and for bosons 4, 8, 12, etc.

The conservation law can be expressed as:



Ya = 2aR,2b = 2bg,2c =2cg,2d. = 2dr, (2)
where the sum is over all the particles entering (at the left side) and @ufgbthe right
side) the process.

In order to fulfill this conservation law the following additional assumption appedre
necessary:

3) There exist neutral field bosons (or background boggnajand\Wwith negligible
masses, energies and momenta, which participate in the interaEtemers the
electromagnetic and strong processes\&fmt W enters the weak processes. Higher order
(less probable) processes are those with the participatll,&EE etc., otWE, WE, WEE,
WEE, etc., respectively. The compositions of the three background bosons are:

E [1111], W= [2020], and W = [0202)]. (3)

3. Particle assignments

Possible compositions of particles for the lovgastlues (limited to charges 0, +1) are

presented in Table 1.

Table 1 Compositionsdbcd of particles and their assignments
Q:+1 Q:O Q:O Q:_]_ Q:+1 Q:O Q:O Q:_]_
s=2,B=0| 1100 | 1010| 0101| 0011 |s=6,B=+1| 4020 | — — 2040
leptons | € Vi v, e baryons | — —
s=4,B=0| 1201 | 1111|1111| 1021 1311 | 1221 2112 | 2022
mesons| 7z © |y T P 2| 2° )
2110 | 2020| 0202| 0112 2202 | 2112| 1221 | 1131
K* K| K| K Dy A A g
s=6,B=0| 1302 | 1212|2121 | 2031 2220 | 2130| 1203 | 1113
leptons | 4" Ve | Ve w = =0 =° =
2211 | 2121 1212| 1122 3111 | 3021| 0312 | 0222
— | = =] = p n | n p
3120 | 3030| 0303| 0213 0402 — — | 0204
7 v, Vi T — Q

The shown assignments of individual compositions to known particles are the result of a
considerable amount of investigation and computer experiments, for which the inpuasgata w
a list of 92 observed decay modes with their branching ratios, as outlined in thetleft par
Table 2. (The decay modeskis were ascribed tentatively &, and those ok’ to K%.) All
data used in this investigation (particle masses, decay modes and their brarnidshgeae
taken from ref. [1]. The assignments for, 7, v, andv, were found and added later.

With the list of decay modes in its initial version the optimal particlgmassnt found

matched only 68 of the 92 decay modes. All of the remaining 24, which were rejected, turned
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out to be decays with the emission of neutrinos. A remarkable improvement wasddyjev

carrying out the transformatioms < v, or ve <> ve in all of those 24 decay schemes. After

this transformation, surprisingly, all 92 decay schemes (excluding those 2¥abagd

including those 24 altered) were found to be in agreement with the estimated optirola@ part

Table 2 Classical and 4C decay schemes of particles.
(The decay schemes altered by interchange of neutrinos are nj
by an asterisk in theéN column.)
No.| Br.ratio | Classical scheme AN 4C scheme
1| 98.500000 " — € 7V, ve 1| WOy — € v, ve
2| 1.400000 x" — € Vv, vey 1| Wiy — € ¥, vey
3 003400 i —» € V,ve€€ | 2| Wiy —»€ v, v.€€
4| 98.500000 4 — € v, Ve 1 \/\70,1[ — € Vv, Ve
5| 1.400000 y — € v, Vey 1| Wly—— € v, Vey
6 003400 " > € v, V€€ 2 Wiy —€v,vc€ €
7| 99.987700 7*— u" v, 0 |WOzm — ' v,
8 .020000| 7° — u" v,y 0 | WLa —u v,y
9 .012300| 7" — € ve 0| WOz —> € ve
10 .000001| 7" — € vey 0| Wiz — € vey
11 .000001| 7" — € v 7° 0| Wir" > e verd°
12 .000001| 7" > € ve € € 1| Wilz' > e vee &
13| 99.980000 =~ — & v, *0 |WO0r - u v,
14 .020000| 7~ — v,y 0 | Wiz - u v,y
15 .012300| = — € v O Wzx —-€ v,
16 .000001| 7~ — € Ve y 0| WLz —» € v, y
17 .000001| 7~ — € Ven" O|Wlzx —»€ ven
18 .000001| 7 — € v.€e € 1|Wlr - € v.e €
19| 63.440000 K" — 4" v, 0| WOK —u" v,
20| 20.920000 K* — 7" 7° O/WOK -7 7°
21| 5.590000 K" > 7" 7" 7 OWLK > 77
22| 4.980000 K* — 7’ € v 0| WLK > 7€ Ve
23 1.757000 K* — 7" 7° 2° 0WLK -7 °7°
24|  .620000 K" — 4" v,y 0| WLK —u" v,y
25 .001600| K" — € v, *0 | WOK — e v,
26 .001520| K" — €' v, y 0 |WLK — € v, y
27| 63.440000 K™ —> u v, 0| WOK —u v,
28| 20.920000 K~ — 7 7° 0|WOK -7 7°
29 5.590000 K- > 7 = 7 OWIK -7 n =
30| 4.980000 K" — 7’ € Vi 0 |WLK 57 € ve
31 1.757000 K- > 7 2°7° 0| WLK -7 2°#°
32 .620000| K" —> i v, y 0| WLK > u v,y
33 .001600| K™ — € v¢ *0 | WOK — € ve
34 .001520| K" — € v y 0| W1IK — € vey
35| 69.200000 K&’ — 7" 7~ 0WOK 7" 7
36| 30.690000 K — 7°7° 0/WOK -7’ 7°
37| .179000 KL — 7" 7 y OWLK 577y

arked



No.| Br.ratio | Classical scheme AN 4C scheme
38 .070400| K - 7" € ve 0 WLK S 75 € ve
39 .070400| KL — 7 €' ve 0| WLK > 7 € v
40| .046900 KL — 7 u” v, 0|WLK - 7" i v,
41| .046900 K — 7 i’ v, 0|WLK’ -7 u' v,
42 004690 KL > 7" 7 € e 1IWMK sz ree
43| 000271 K —yy 0/WOKI—yy
44 000035 KL > 7" 7 7° OWLK 7 7 7°
45|  .000005| K — 7"y y 0WLK 7%y y
46| 20.280000 K ° — " € v 0 [WLK 57 e ve
47| 20.280000 K.’ — 7 € ve 0 [WLKR S 7€
48| 13.502000 K.° — 7" i v, 0|WLK -7 u v,
49| 13.502000 K.° — 7 4" v, 0|WILKR -7 4 v,
50| 19.510000 K.° — 7’2’ ° 0| WLK - 2% 2% 2°
51| 12.540000 | K >z 7 ©° O0WIR > 7 7 7°
52 196600 K’ > 7" 7 0WOR S 7
53 .086400| K.° — 7° 7° 0/ WOR - 27
54| 190000 K\° >z e vey | *0 [W2 KR - 7" € vey
55 190000/ K> 7 € vey | *0 | W2 KR 57 € ey
56| .028200/ K°— 7" u v,y 0|W2R -7z v,y
57| .028200/ K\’ — 7 u v,y 0|W2K 7 v,y
58 002600 K>z e v | *0 [ W2R > 27" € ve
59 002600 K° > 2’7 €ve | *0[W2KR > 27 € v
60| 67.800000 @ — A K™ 0| W0Q - 4K
61| 23.600000 @ — =°xr 0| W0Q — =7
62| 8.600000 Q" — = 7° 0|WoQ — = 7°
63| 0.560000 @ — =€ v 0| W12 — 20 e ve
64| 0.043000 Q > =5 7 7 0|WLIQ 5= 7' 7~
65| 99.887000 & — A7 0|WO0E > Arx
66| 0.056300 & — A€ v 0 |WLE > A€ ve
67| 0.035000 & — 44 v, 0| WiE > Au v,
68| 0.012700 & — Xy 0| WOE — 2y
69| 0.008700 = — 3’ € v, 0 |WLE - 20%e v
70| 99.523000 &° > A 7° 0| WOE 5 A
71| 0.333000 =°— 3%y 0| W0z=°— 3%y
72| 0.117000 5° — Ay 0| WOE’ > Ay
73| 0.027000 =2° - 2" € v, 0| WLEP S 2" e v
74| 0.000490 =° — X* i v, 0| W1z’ " v,
75| 51.570000 2 — p 7’ 0/wWoz" - pr’
76| 48.310000 2" > nx' 0| W0X" > nr
77| 0.123000 2" — py 0| W0z" > py
78| 0.045000 X" - nzx'y 0| W1X" > nz'y
79| 0.002000 2" — 4 €' ve 0| W1x" 5 A€ ve
80| 99.848000 > — nx 0| W02 > nr
81| 0.101700 > — n € v *0 [W1X —n € ve
82| 0.046000 > — nx y 0|W1x >nry
83| 0.045000 2 — nu v, 0|W1X —nu v,
84| 0.005730 2 — A€ v O|WLXE > A€ v,




No.| Br.ratio | Classical scheme AN 4C scheme
85| 63.900000 4 — px 0| WO0A—pr
86| 35.800000 4 — nx° 0| WO0A—nx°
87| 0.175000 4 — ny 0| W0A—ny
88| 0.084000 4 — pm y 0|Wild —>pn y
89| 0.083200 4 — p € v *0 | W14 —p€ v
90| 0.015700 4 — pu v, 0| Wild—pu v,
91| 99.310000 n— p € Ve O|WLn—pé€
92| 0.690000 n—>p€ vy O|W2n—>pe vy

assignment, i.e. for every one of the 92 decay modes the conservation law of eg. (2) wa
found to be fulfilled.

The right side of Table 2 presents the interpretation of the decay schemes of thims
new Four-component (or 4C) Model. H&k& stands fol E, W2 for WE E,etc The
guantity4N is defined ad\r— N, whereNg is the number of particles at the right, afdat
the left side of the scheme. The correspondent compositions of individual paatieleot
shown in Table 2 since they can be easily checked with the help of Table 1, as sebe from
following example:

‘W E Ve
[0202]+[1111]+[3021]=[3111]+[0011]+[1212].

Table 1 does not contain the compositions of particlessw2hf=+1 ands=4, f=t1

n— p €

(4)

because no assignment to any known particle was found for them.
4 Affinity with the quark model
Some similarities between the two models can be seen at the first. grabhoth of them
mesons are composed of two fermions (quarks or pairs of components) and baryons of three
such fermions. It is not possible to link individual pairs of components of the 4C model with
individual quarks because the values of their individual quantities (like electrgeghryon
number, strangeness, etc.) are different. However, individual light qdankss and their
antiquarksd, U, 3 can be expressed as linear combinations of the 4C model components:
d=A+C-%B+%D
u=A+%»B+'D
% B +4/3D
d=413B+%D
Uu=C+%B+%D
S=A+C+%B-%D.

(5)



With the help of these equations the quark compositions of all seven mesons, nine baryons,
and eight antibaryons listed in Table 1 can be transformed to their correspondent 4C
compositions as listed in the same table. As an example, for the proton one gets:

p = u+u+d = 2(A+% B+'5 D) + A+C-'4 B+ D = 3A+B+C+D =[3111]. (6)

The inverse transformation is likewise possible:

A=u-%d
B=d-%s

C=4s (7)
D=s-%d

but the expressions in eq. (7) are not unique due to the fact that the 4C compositions of the six
guarks are not independent quantities; they are interrelated by the formula
d+d = u+U = s+§ = A+B+C+D = [1111]. (8)
With the help of eq. (7) and (8) the quark compositions of mesons and baryons can be
obtained from the 4C model compositions. The equations (5) and (7) transform also correctly
the correspondent properties of quarks @nd £4 charges) to those of the 4C components
(%2 charges) and vice versa.
By means of the transformation (7) also the composition of leptons can be expressed in
terms of the quark model. The following are the simplest examples:
€' =[1100]=A+B =u+%d-¥%s
~“e[0011]=C + D = U-%d + ¥%s 9)
v, =[1010]=A + C =% d + %28
v, =[0101]=B + D = %d + %s.
This can be regarded as an attempt of a formal generalization of the quark model.
5. The particle — antiparticle inversion
Initially the electric charge inversioaljcd < [dcbd, the baryonic inversiorapcd <
[badd, and the combinenhversion pbcd < [cdald were under consideration. From the
quark model, however, a different inversion emerged, namely
[abcd < [Ves—aVes—bYs—cys—d, (10)
where s is the total number of components of the particle. For leptons and mesons this
inversion is equivalent to the electric charge inversion but for baryons the difésen
profound.
This new kind of inversion can be understood in terms of the 4C model only by concluding
that the two charges (electric and baryonic) are not the only properties of therfqporents

and that at least one more “charge” has to be ascribed to them. A straigiitfoawdidate is
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the property (flavor) of strangeness which characterizesahds quarks. From eq. (7) the

following values of strangeneSsof the 4C components can be easily obtained:

Sa=0, Sg=%, Sc=%%, Sp= -1, (11)
hence the strangeness of a particle is:
S=%b+%c-d (12)

In a similar way the quark flavdr (the isospin z-component) can be viewed as a “charge”
of the fundamental 4C components with the values:
l,a= Y, lg=%, l,c=—Y, l,p= Y, (13)
and thd, of a particle is thus:
|, = Yaa +¥% b —Y5 ¢ — Yad. (14)

In the proper particle — antiparticle inversion all charges changeitirenghile their
absolute values remain unchanged. The addition of the val@aawrding to eq. (11) and
the values of, according to eq. (13) to the characteristics of the 4C components leads to the
necessity of the inversion from eq. (10) which was applied in Table 1. This is due td the fac
that Sa+ Sg + Sc+ Sp= 0 (and similarly forQ, B, andl,), hence every entity of the form
[xxxX for arbitraryx has all its charges equal to zero, and that the sum of the compositions of
a particle and its antiparticle is such an entiégjadd + [Y2s—als—bys—cls—d =
[Vas s asog. It is also worth noticing that two particles with compositicaiscd and fa+x,
b+x, c+x, d+X have the same values of all their charges.

Are strangeness and the isospin z-component the only charges which have to be added as
properties of the 4C components? Maybe there exist some others? Let us asstinedytenta
that also the quartt has a specific properfy which perhaps has to be taken into account.

From eq. (7) we obtain for the 4C components the following values of it:
Da= -, Dg=1, Dc= 0, Dp= —%. (15)

Let us, moreover, introduce tentatively a “char@ghot to be mixed-up with the charm

flavor) with the values:

CA: 1/2, CB = —1/2, CC: 1/2, CD: 1. (16)
Since these “charges” also meet the condition
XA+ XB + Xc+ XD = 0, (17)

their addition does not affect the applied inversion. The conservation law of eqr(i3) ajs®
automatically the conservation of all charges which meet the condition (17), elven lifave
no physical meaning, since they are linear combinations of the number of the four
fundamental components. The isospinhowever, does not fulfill this condition and

therefore it cannot be regarded as a valid “charge” and hence its conservationasteok gr
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It is worth noticing that only three “charge3; B, andC are independent quantities. All
others, especiallpp, S, and |, can be expressed as linear combinations of them:
D=%Q-B-%C

S=%Q-B+%C (18)

l,=%Q-%C.

From the last two equations the well-known formula
Q=I,+%(B+S) (19)

can be obtained.

In addition to the notatiompcd which reflects the 4C composition of a particle, let us
introduce the notation@ B C D S I} which reflects its interaction characteristics. In this
notations the four fundamental 4C components can be expressed as:

A=[1000] ={ ¥ % %% 0 ¥}
B=[0100] ={ % %% 1 % ¥}
C=[0010] ={-2— Y 0 Y% -3} (20)
D =[0001] ={-% Y -Y% -2 -1-Vi}.

6. The structure of particles

The application of the inversion found leads to important consequences. First of all,
individual 4C components do not have individual anti-components. Moreover, not all
combinations of components have their anti-combinations. This limitation magdrdiab
for the study of the structure of particles in the 4C model. One has to search for ¢@ambina
of components which are invertible, i.e. which have their anti-combinations with ajleshar
of the same absolute value but of the opposite sign. The results of such a search, i.e. the
simplest invertible groups of components found are the following:

=CD=[0011] ={-1 0 0% —Y>—3%}
“=cAB= [1100] ={ 1 0 0 % ¥ ¥}
n=BD=[0101] ={ 0 0-1 Y- Vi (21)
“=;AC=[1010] ={ 0 0 1% Y2-Vi}
$HAD=[1001] ={ 0 10 -1 -1 0}
"s$HhBC=[0110] ={ 0-1 0 1 1 O}

The obtained set consists of three fermions and their anti-fermions. One can éentheduc
identification asc, & (charged),n, fi(neutral), andb, b (baryonic). They are pairs of the
four fundamental components. There exist four other pairs of fundamental components,
namelyAA, BB, CC, andDD, but they are not invertible in the above-given sense. Some

similarity with the quark composition exists. Mesons consist of two such pairs iyt daf
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three of themThe pair pp) and quarkqq) compositions of the “ordinary” particles with the

sets of their “charges” are shown in Table 3.

Table 3. The composition of particles presented as a set of invertible pairs of thhe
fundamental 4C componentsf. The quark compositiom() is also shown. For hadrofs
the values of “chargesire the same for botig andpp compositions.
No.| P pp qgqq| Q BCDSI Ap. | pp| qq| QB CDS|I
1] v, n 00-1 Yb—Y% % v, | n 00 1% Y%-Y
2| € C -10 0-Y%-Y%-% € ¢ 100 % % %
3| o nn | ud o000 0o 0O OgyEl M| W | OO0 O OO
4| 7 | cen jud|-101-1 0-1 - [¢én|ud|10-11 0 1
5/ K cn B [-10-1 0 -1-% K' cn | us| 1010 1 %
6 K'W| nn | | 00-2 1-1 %K W[ mM|ds|00 2-1 1-%
7| Ve nnn 00-1 %Y Y v |0NNn 00 1Y% %Y
8] v, | nnn 00-3%"lh% | v |nm 00 3% %%
9| u | cm 10 23, %=l | 45 |eénn 1 0-2 3",
10 cnAi -100 YoY% ¢nn 100 Y Y ¥
11| « | cnn -1 0-2 %h-Yu| < [ 10 2 %Y
12| p | bat juud| 11 1-1 0 % p |ben|oud|-1-1-1 1 0-Y4
13| n b {udd| 01 2 -2 0 - n bnn|udd| 0-1-2 2 0 ¥
14| 4 [ bnAjuds| 01 0-1-1 O A4 |[bAn|uds| 0-1 0 1 1 O
15| 2 | bon |uus| 11-1 0-1 1| X |ben|uis|-1-1 1 0 1-1
16 2% | brAfuds| 01 0-1-1 0| 2° [bAn|uds| 0-1 0 1 1 O
17| ¥ | beA |dds|-11 1-2 -1 -1 2* [bén|dds| 1-1-1 2 1 1
18] =¥ | bnn| uss| 01-2 0-2 %| Z° [bA|us| 0-1 2 0 2-%4
19| =& | ben | dss|-1 1-1-1 -2-%| Z° |[bei|ds| 1-1 1 1 2 ¥
20| @ |oonn| sss|-11-3 0-3 0| Q & | 1-1 3 0 3 0

7. Predictions of the model and supplementary rules

The next step was the investigation of the predictions of the 4C model. With the
compositions of particles according to Table 1 and with the known masses of patsieas
input data one can get a list of all decays consistent with the conservation laet (8.

discuss the predictions using the particlas an example



Table 4 contains all” decays which are consistent with the model. At the first glimpse the

result appears to be discouraging since the model permits much more decayhawodes

desired. Evidently, the introduction of some additional limitations is necessary.

First of all, the fast electromagnetic and strong processes initiatad bgpture oE, EE,

etc. have to be limited by a rule that thboson cannot split arbitrarily and pass its

components to other particles but can only produce a gamma-ray(ifitiae energy is

sufficient), or (less probably) aie” pair. Hence, electromagnetic processes are limited to

transitions between systems with the same composition, or, in other words, tootmansiti

Table 4. Decay modes qf consistent with the components conservation law of eq. (2

p

Llar,
[ tO

The meaning of Remarks: x — decay modes forbidden by some other rule; + — reg
acknowledged modes; i — modes which imitate a regular mode; u — modes difficul
detect.

No. | 4N 4C decay scheme | R. No. | 4N 4C decay scheme R

1 1| EOu — € vev, X 21 1| WLy — € vev,y i
2 2|EOu — € v, v,y X 22 1| WLy — € Vev,y +
3 3|EQu — e v, v,v, v X 23 1\ WLy —€eyyy X
4 3|EQu — €€ €v,v, X 24 2| Wl — € vev, v, v, u
5 O|Ely — € veve X 25 2| Wiy —> € € € vev, [
6 1 Ely —€vev,y X 26 2| Wiy — €€ € vev, +
7 2| Ely — € €€ vev, X 27 2|Wly —ee eyy X
8 2| Ely — € vev, vy vy X 28 2 WLy —> € vew, v, v, u
9 2| Ely — € vev, v, v, X 29 2| WLy — € Vev, v, v, u
10 2| Ely —€e v,y X 30 2IWLy —»€ewv, yy X
11 1| WOu — € vev, + 31 0| W24 — € veVey i
12 1| WOou — € vev, [ 32 1| W24 — € vevev, vy, u
13 1| Wou —eyy X 33 1| W2y e €veve |
14 2| WOu — € v, v,y i 34 1| W24 — € vevev, v, | U
15 2| WOu —e€e ey X 35 1| W2u — € vevev, v, | U
16 3| WO —€ev,v,v, v, u 36 1| W24 — € vev,yy u
17 3|Wou —eeeee | u 37 1| WU — € Ve Vev, v, u
18 3|Wou —€e € ev,v, i 38 1| W24 — € Vev,yy u
19 3|WOu —€ev, v, v, v, u 39 1IW2u —e€eypyyy X
20 0| WLy — € veve i

between different mass states of the same system. This applies only toremksag 7°

>y Erl—>yee;EX’ > Ay EX’> 46 e E(€e) —yy; EE(E€) — yyy. In strong

decays th& bosons can pass their components to other hadrons but never to neutrinos.

Hence, all the electromagnetic schemes (no. 1-10) listed in Table 4 have to be ruled out.

For the weak decays a similar rule seems to be appropriate. Apparemntig-gays cannot

be formed out of the components of the decaying particle but rather only from the components

of the background bosons which entered the process, preferably from the componeris of the



boson. Such a rule would exclude the decay schemes (marked x) nos. 13, 15, 23, 27, 30 and
39 of Table 4.

Further development of this model may lead to more precise and straightfonaiandg li
rules formulated in terms of the components and their mechanisms of regroupingefoget
with the multiplicative conservation laws they shall provide the appropriaetissl.

The remaining decay schemes in Table 4 indicate that the lepton numbers are negatonser
at all in this model. However, remarkably, the empirical consequences efmttede of little
significance because the additional decay schemes either imitatee(ih) the existing and
acknowledged schemes (i.e. they differ only by the identity of the emittednosuthe
decays no. 12 and 20 imitate the decay 11; the decays 14, 21, and 31 imitate 22; while the
decays 18, 25, and 33 imitate 26) or their expected branching ratios are veryrariah(u).
Therefore an experimental confirmation or refutation of the predictions of tdslmay not
be easy. Shortly speaking, lepton numbers seem to go in this model but their benefits seem
mostly to stay. What lepton numbers seemed to explain, the model explains in a different
way. The decays predicted for all other particles appear to have theialgaoperties very
similar to this example discussed above.

Generally speaking, no serious obstacles were found which could endangedityeofali
the law of conservation of the four fundamental 4C components. Some detailed questions are
addressed in the sections below.

8. Some general questions

a) At the first glimpse it seems impossible to accept the idea that the,@and n, N
are the constituents of both the light particles like electrons and neutrinos, &iedlieones
like mesons and hadrons. It could be understood, however, if one would assume that this
entities exist at least in two different mass states: i) the ligheptdhic” state, and ii) the
heavy or “hadronic” state. It can be imagined that in the low-mass statecticermponents
of the pair are less compact (of some 2.8 fm diameter) and therefore out$ideasfge of
the strong forces, with only the electric, and perhaps the baryonic chatigesatswitched
on”. In the massive state, on the other hand, components are more compressed and therefore
(at a diameter of less than 1.5 fm) within the range of the strong forces, \iguetieeaother
charges like strangeness (and maybe some others) are active dnédwaitc. In other words,
one can imagine that the potential between the two components of a pair has two local
minima, one lower at larger distance, and the second, much higher one at a sreafiee dis

b) If the invertible pairs of components exist in more than one mass state, as duggeste

above in a), then a large portion of particle decays could be viewed as transiticeenbitsy
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hadronic and the leptonic states of some of the pairs participating in the padexdsr This
process, however, cannot apparently be caused by the absorptionEobit®ons alone.
Supposedly, &/or W boson is necessary to trigger such a process by playing the role of an
“intermediate boson”. On the other hand, production of heavy particles in collisions would
consist essentially of pumping energy into the pairs of components by squeezirig them
smaller size. Hence, matter could be viewed as a huge deposit of explosivesatebrt we

lack fuses necessary to blow them up.

c) In Table 2 the most straightforward conclusion from the obtained results i thratv
namely in the correspondent decays (marked by an asterisk) indeed dramgerof the
identity of neutrinos takes place. But this may not necessarily be the ondgyatiph.

Another possibility would be that th or W boson, the absorption of which triggers the
decay process, plays in some cases only the role of a catalyst terkibson to disintegrate
and to pass its components to the resultant particles. Hence, some of the decaysibilgy pos
take the form e.dV Ex~ — u~ ¥, W instead of Wz~ — 4~ v, as assumed in Table 2. The
same mechanism could also explain or even be necessary in order to explain syme deca
modes of some of the charmed hadrons.

d) Thepp composition of the entity [1111] is not unique; it can be expressed@sas
cC, or even abb. This has to be taken into account in the study of the structure of such
particles a%’, y, E,ve, Ve, 4,4, 2°, and 2°. This ambiguity may also be a clue to the
explanation of the existence of thee Q = S = 0 singlet resonancesandys’ (958) and their
excited quantum states. It can also be one of possible explanations of the difheteresn
2% andA hyperons which have the same 4C (as well agdheomposition.

e) There exist some affinity between two particles the composition of wHiets dify the
entity [1111]. Since all charges of this entity are equal to zero, both such partidebda
same set of charges. This affinity exists particularly for sucls paparticles ase v, , Ve v, ,

e X', and € X , wherex” and x” denote the “missing” leptons from row 10 of Table 3.
Remarkably, the same affinity applies to individual non-invertible pairs of comoaedt
individual baryons (or antibaryons). In particul&A= [2000] corresponds to [3111] which is
the proton,BB to 2*, CC to 2", and DD to = . The practical meaning of this affinity is yet
to be found out.

f) The examination of the decay schemes of particles with non-zero values avtng fl
of charm and/or bottomness indicates that unlike the flavo& aind I, it is not possible to
interpret these flavors as “charges” of the 4C components, neither can thejbhagksyunlike
the light ones be expressed as linear combinations of the 4C components. Instead, the
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compositions of the charmed and bottomed particles seem to resemble the compdsitions
appropriate ordinary mesons and baryons, respectively. Particularly, the caongasitD’s
resemble that of the pions, tbgs the kaons A" the proton,=.'s the X'’s, and Q2 the= °.
This means that from the viewpoint of the 4C model the existence of those massolesparti
does not require the introduction of any new entities but only some kind of modification of
the ordinary ones. One possible approach could be the expression of the compositions of
these particles by means of the baryorisc=(x1) pairs of components only, i.e. instead of
AB BDto assum@D BB instead ofAB ACto assum&A BC instead ofAD AB ACto
assumeAD AA BGC etc. This renders the possibility of having a number of yet another mass
states without increasing the number of the existent compositions.

Another approach, maybe the most promising one, could be to assume the existeince of y
one more massive state of the invertible pairs of components, ¢, and perhaps aldg b,
as suggested in the paragraph a) above. But if such states exist, why then seese ma
particles do not decay strongly into their lighter mass states? Again, beppasently for
the transitions between different mass states of the same pair of compbeetisorption of
aW or Whoson is needed in order to unlock them and to trigger the decay.

g) As seen from Table 3, the flavgr does not make sense for the leptons. The values of
+Y,, %, and ¥, are evidently not useful for establishing the multiplets. For mesons and
baryons listed in Table 3 the values of this quantity agree with the common erpedbat
in the 4C model these multiplets appear as a mere consequence of the compositidhs. As wi
be shown in the next section, there are also some other reasons for abandoning the,quantity
In the 4C model it seems to be redundant.

9. Differences between the quark and the 4C models

Although the 4C and the quark models are mathematically equivalent, they are not
physically equivalent because the flavors or charges are distributed #redegmionic
components of particles (pairs or quarks) differently. Hence, the two models bannot
regarded as mutually supplementary but rather as competing ones. Conseqguantiye of
them can be ultimately found valid. The verdict demands finding their differendes a
examining them experimentally. Let us have a closer look at some of them.

a) As seen from Table 1, there exists a legitimate 4C composition for tioéeg2r{0204]
but this composition is not invertible. First, because it contains the non-invertib[2pai
and second, because the resultant composition of its antipaiiokeould be [3,1,3,-1]
which is illegitimate because of the negativealue. The most straightforward conclusion

would be that in the 4C mode* does not exist. But perhaps one can guess that particles of
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such non-invertible compositions can absorbEamoson and hence appear instead as having
the compositions [1315] and [4240], respectively. Bms10 objects can be expressed as
composed of five paifscnnnandibénnn, respectively, and hence they would be invertible 4C
particles, a baryon and an antibaryon.

b) From the quark model the existence of aotet and a’/," decupletof baryons has
been derived. Let us examine them from the viewpoint of the 4C model. Within the limits of
—1<Q <1 for the electric charge we obtain the particles the compositions of which ede list
at the right side of Table 1. Apart from the eight baryons of the octet tiesieua more
charged particles, two baryons and two antibaryons. All they are non-invertidef@em
is Q" which we discussed in the paragraph a) above. The existedZepairmits us to
suppose that also the three others may exist. Among them the baryon [4020] is of particula
interest. Let us call it tentativel)"{1 1 3 -2 1 0}. Its strangeness3$s= +1. The quark model
does not predict its existence since its quark composition as derived from eq. (7) would be
2u+ 2d —s. The only possibility to explain its existence in the quark model would be to
apply the procedure described in par. a) above (i.e. to let it absdttbts®on). Then we
would have (B+2d-s)+(s+39=2u+2d+$S, ie.apentaquarkudds.

c) The remaining two non-invertible particles in Table 1 are the antibaryons 2]
[2040]. The first one appears to be a legitimate quark model antipadittalled 4*. But,
surprisingly, in the 4C model this particle is non-invertible, i.e. it does not have arregula
antiparticled™ (predicted by the quark modelddd) because its composition would be
[3-131]. Like Q" it could only exist as a penta-pair structure [4CG4BEMN . The [2040]
with strangeness +2 would have the quark compositidr @+ 2Sand hence could also
exist only as a pentaquarkidss .

d) More differences between the predictions of the two models can be found among
particles with multiple electric charges. The entire picture is shown ire Balit the left side
of the particle symbol the status codes of this particle for both the 4C and the quark models
are given. Their meaning is the following:

3 — a regular, ordinary, invertible particle predicted by the model in question.

2 — a non-invertible particle (applicable in the 4C model only).

1 — a particle which cannot exist according to the model in question, except as a

penta-quark or penta-pair structure.

0 — a particle which does not belong to any of the previous classes.

In Table 5 names are given to all particles which are supposed to exist atteading to
one of the two models.
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Table 5. Status codes in the 4C and quark models and 4C compositidhs af 1 baryong
B|S| Q=S-B Q=S Q=S+B | Q=S+2B | Q=S+3B
+1|+1 |11 0 4-130| 21X" 4020 | 21X 4110| 21X*™* 4200| 1001 43-10
~1| -1 110 -1403| 110 -1313| 110 -1223| 110 -1133| 100 -1043
+1| 0] 134 3-131| 334° 3021 334% 3111 334" 3201 | 1171 33-11
~1| o] 234 0402 | 334° 0312| 334 0222| 334~ 0132 | 214 0042
+1[-1] 110 2-132| 33> 2022| 33x° 2112 333" 2202 | 1111 23-12
1| +1[21 = 1401 | 332" 1311 | 333° 1221| 33> 1131 | 21> 1041
+1[-2] 100 1-133| 315 1023 | 335 1113| 335" 1203 | 1171 13-13
—1[ +2[20 2" 2400| 315" 2310 | 335" 2220 | 33=2° 2130 | 215 2040
+1[-3[ 100 0-134| 20Q 0024 | 21Q 0114 | 23 0204 | 1101 03-14
1| +3[10 0 340-1| 1001 331-1| 110 322-1| 13Q" 313-1| 1111 304-1

From among the particles witQ = +2 especialljg~ and 5" seem to be suitable for

proving the validity of the 4C model predictions. First, because they are void of the non-
invertibility problem, and second, because in high energy collisions they shall be produced
simultaneously.

e) There are also other differences which may be found useful. Unlike in the quark model,
in the 4C model particles witB = +2 composed of three of invertible pairs of components
are legitimate entities. They at®b¢, bbc, bbf, bbn, and their antiparticlesre bbc, bb¢,
bbn , and bbri. In the 4C model also mesons wiBi= +1 may exist. Their compositions
would be bé&, be, bri, bn, and those of their antiparticlds: , b¢, bn, and bri. In the quark
model theQ andB values of similar particles would be fractional. These kinds of particles
have their values of, equal to % and +% which seems to support the view that the
significance of this flavor is limited.

10. Some consequences

The presented model approximately correctly interprets the observeddgetirparticles
and the branching ratios of their decay modes. Decays of higher order are leske@ota
the probability decreases also rapidly with increagiNgWhenever a large discrepancy is
observed, the involvement of an additional rule can be expected. The stability of the proton is
an obvious result of the conservation law (2).

This model seems to be a natural cure for the problems with the conservation laails in we
decays. Since the strangeness of the weak interaction field Bysom$\Wis +1 and -1,
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respectively, the absorption of them in weak decays explains the seeming nonat@mrsef
this flavor in them. Similarly also other problems with weak decays may bealsolve

The field bosong, WandW are present with a certain density in “vacuum” or move with a
certain velocity as a flux. The density or flux of the weak interaction bosoosghkly by ten
orders of magnitude smaller than the density or flux oEthesons. Since the speed of the
decay processes increases with the increasing mass of the decayahespthe conclusion
that massive particles attract the field bosons seems to be justifiedtt&mEnsity of the
field bosons in the vicinity of a massive particle is higher, the probability afabeire of a
boson by this particle is higher too, and therefore the lifetime of such deartthorter.

The dependence of the decay rates on the density of the field bosons may influence the
results of the isotopic dating methods since this density may not necessarilytaatcons
especially in a long-range, cosmic time scale.

In this model the phenomenon of particle mixing is evidently not caused by thetioterac
of particles between themselves but rather by their interactions and exchaoggonents
with the background bosons. Particularly, the mixing&bandK® can be readily explained by
the existence of an exchange reactitfk® — K° W or W K — K° W. Also the mixing
among neutrinos can be explained by assuming the existence of interactiogenéiem
and the field bosons.

The extremely small absorption cross sections of neutrinos in matter carybe eas
explained by the necessity of a simultaneous capture d¥taN boson (and in some cases
also thek boson) in the process of their absorption. The tenet that the emission of a particle is
equivalent to the absorption of its antiparticle is generally not consistent with tinedk.

Since according to this model the decays are not “spontaneous” but are caused by the
capture of the background boson(s), the acceptance of this model would necessiiatera r
of some basic theoretical concepts. But for a real progress in our understarttiang of
fundamental structure of matter this seems to be not only acceptable but algaésgtable.

11. Conclusion

In the present early stage of development many unanswered questions and wthddress
issues remain. The 4C model is by now rather only a loose proposal or a very rapt.conc
But even at this stage its properties and possibilities seem to be rereakdlherefore
certainly worth attention.

In order to fully evaluate the usefulness of it a great amount of investigahecessary.

Especially its ability to explain the observed masses of particles wiluogal.
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This model was formulated by a physicist who is neither a theoretician nickepa
expert. Some general physical knowledge was sufficient for it. But such addgenik
certainly not sufficient for a full evaluation of its usefulness and for itedudevelopment.
This has to be done by the experts.
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