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Abstract 

The geometricratio-like quark mass spectrum and quark-flavor mixings 

in weak interactions are investigated using a preon model proposed by 
the author. It is found that these phenomena are unifyingly understood 

by the vew that quarks and leptons are the bound-systems of preons in 
effective power-law potentials. The spectrum of quark-masses essentially 
comes out owing to the power-law nature of the potential and quark­

C J 	 flavor mixings come out. from the fact that SU(3)-octet neutral scalar 
particles inside quarks annihilate into two gluons. Some other topics 
such as meson-antimeson mass-mixing and FCNC are explained by the 
present model. The lepton-mass spectrum is also discussed . 
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1 Introduction 

The discovery of the top quark has finaliy confirmed the quark-lepton-symmetric 

global SU(2)-doublet structure and the phenomenological generation-structure, which 

is originated from \Neinberg'$ investigation of leptons and studied by Glasow, nO. 
.. iopoulousand Maiani concerning quarks[l, 2, 3]. The Glasho\v-\tVeinberg-Salam model 

(what is called Standard Model) have successfully explained various experimental evi­

dences. But it cannot answer the questions about the origins of (1) the mass-spectrum 

of quarks and leptons, (2) the generations and (3) the quark-flavor rnixings , etc. In 

order to orvercome such difficulties some attempts have done, for example, granduni­

fication, supersymmetry, composite, etc . 

In this article we consider a possibility of a composite model. The fundamental 

conception of our model is that the intermediate vector bosons are all massless, ele­

mentary fields and belonging to the adjoint representations of some gauge groups and 

that there exist two kinds of the elementary matter fields: spin-1/2 fermion field and 

spin-O scalar field. Thus quarks, leptons and also weak bosons of \tV, Z are all composite 

objects of such elementary matter fields and the usual weak interactions are regarded 

as the effective residual interactions as the strong ones. In order to answer the be­

forementioned questions ,(l)(2) (3), if quarks and leptons are elementary, it is necessary 

to introduce some extrenal relationship among quarks and leptons or some kinds of 

symmetries in an ad hoc way. On the other hand the composite models have abilitiy to 

expound these problems unifyingly with the internal dynamics of substructure systems 

of quarks and leptons. 

In the present work we investigate these subjects from such a point of view. In 

section 2, we study some theoritical aspects of the stationary bound state problem and 

consider a toy model for preparation of further discussions. In section 3, a composite 

model of quarks and leptons is explained which has been proposed by the author. III 

section 4, we mention the main part of this work. Namely, we discuss the origin of the 

quark-m<'lss spectrum, the quark-flavor mixings and the generation from our model. In 

section 5, we discuss the lepton mass spectrum, the posibility of the forth generation 

and some remnant issues. 
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2 Theoretical preliminaries and toy model 

In order to investigate the basic . equations of the· theory of bound states it is 
. . . 

. necessary to treat partial integro-differential many-time equations in Minkow'ski's space 

. with integrals over four dimensional regions of space-time, which do not admit the 

stationary treatment. Concerning this point Krolikowski and Rzewuski showed that 

covariant one-time formulation of the many-body problem in quantum field theory is 

obtained by transforming the conventional many-time equations of this problem into 

other equivalent equi;itions which relate only those values of the wavefunction and its 

derivatives which correspond to one space-like hypersurface (5 [4J. By this thoughts 

th~y showed ·the processeS to conve~t the Bethe-Salpeter equation into an equivalent 

one-time equation posessing the form of a Schrodinger equation and described the 

example of non-relativistic stationary equations for n- spinless particles interacting by 

means of two-body multiplicative potentials [5J. 

(1) 

with 
~ 1 B 2 "" (n) (2)Hn = - is/ 2mi}({mCj}) + f0 \~j (IXi - xjl)· 

where mi and Xi are mass and coordinate of i-particle and \~;n) is a potential be­

tween i-particle and j-particle. Applying the above treatment to n=2 and we get the 

SchrOdinger equation in three dimensions: 

- ~ '\]21/J(r) + [V(r) - E]1/J(r) = 0, (3)
2p 

where p is the reduced mass of the two-body system, E is the total bound state energy, 

r = IXl - x21 and '\]2 = (B/ Br)2. III order to study bound states in a central potential 

we refer the Vi rial Theorem for eq.(3): 

rdV 
< T >= E- < V >=< :)-d_ r >, (-1) 

where <> denotes an expectation value, T = {1 / 2p}'\]2 and V = V(r) [6] . 


For the special case of a power-law potential we consider 


V(r) = Arl/, (5) 

where A > 0 and -2 < 1/ < 00. Applying eq.(4) to eq.(S) we get 


1/ 1/

< T >= - < V >= --E. (6)

2 2 + 1/ 
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In case of a smooth varying potential we may well have 

(7) 

where < r2 > ~( ' r) is the mean square radii and also we get from eq.(5): 

(8) 

Here let us apply the above treatment to some toy models. Considering the system 

composed of two particles with masses ml, m2 interacting in the central potential, then 

we get the total mass: ' 

(9) 

where EB is a binding energy of two particles and equal to E in eq.(3) and also from 

eq.(4) we have 

EB =< T > + < V > . ( 10) 

Besides, the assumption that constituent masses ml, m2 are much smaller than kinetic 

energies (ml' m2 < < < T » would lead the equation: 

[/ 

JV/~EB = (1 + "2) < V >, (11) 

where we use eq.(6). Combining eq.(11) with eq.(8) we have 

(12) 

This equation provides, a useful guide to estimate the relation bet\veen mass and size 

of the bound system. 

Next, let us suppose the interaction radii r decreases to r', (r > r')(See (a)--- (b) in 

Fig( 1) ), then we get 
v 

iv!'~'\(1 + "2)(r't, (13) 

where M' is the total mass of the new system. From eq.(12) and eq.(13) we find the 

simple evidence: 

i\I!' ~(' )V , (14) 
i\I/ r 

and we can state that if l/ < 0, we have AI' > Al because r' /r < l. Further we study 

the following cClse 
\ 1" 1\,1" r" 
_:. ~(~)V and - "'( )V (15)
Jl r AI' = 7 ., 
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In eq.(15) if r > r/ > r" (as (a),(b),(c) in Fig.(l) ) and if l/ < 0, then we obtain 

M < }v1' < 1\1", ( 16) 

and if r/ /r=r"/r',theri we find 
kI' J\1" 

(17)1\1 1\1/ ., 

In this case the relationship among r, r/, r" and kI, 1\1/, kI" is that of the geometrical 

progression. Another example is the case of (a)~ (d) in Fig(I). In this case we may 

roughly estimate 

j\1"/~3(1 + ~)<V(r///) >~3'\(1 + ~)(r"/t, (18) 
~ ~ 

where we use eq.(2). Then we have kI'" > 1\1, if l/ < 0 and r > r"'. 

A composite model of quarks and leptons 

The author has proposed a composite model of quarks and leptons [7]. This model 

has two kinds of preons such as a spin-l/2 fermionic field (denoted by A) and a spin-O 

bosonic field (denoted by 8) which are both carrying the electric charge "e/6". The 

reason why we choose the bosonic-ferrnionic (global supersymmetric) preon model is as 

follows: the construction of neutral composite ferrnionic matters (neutrinos in practice) 

needs both kinds of matters, ferrnionic as well as bosonic, if they carry the same charge 

for the Abelian gauge or belong to the same fundamental representation for the non­

Abelian gauge group[9]. The value of"e/6" has come from followi.ng thoughts: all gauge 

fields must be the connection fields beloging to Cartan-type which has a machinery of 

"soldering" (for details of soldering mechanism, refer to [15]) Then the electromagnetic 

field (usually in U(l) gauge group) is also ill the same situation and belongs to SL(2, C) 

gauge group in our model, which is equipped with" soldering mechanism" and has 6 

generators. Therefore the minimum unit of electric charge may be "e/6", compared 

with "e" for usual U(l) gauge group with one generator. Both I\. and 8 (preon) 

have the same transformation property of (:3,2,2) under the unbroken local gauge 

symmetry of SU(:3)QCD 0 SU(2)fv 0 SU(2)tt.. The final goal is to build quarks and 

leptons with I\. and 8. For that purpose \ve first construct two-body systems of I\. and 

8. They are" intermediate clusters" which contain at least one singlet state of any 

SU(3)QCD 0 SU(2)fv 0 SU(2)tt.. The results are as follows: 

Q = (1\.8) ,QL = (3,3,1), QR = (3,1,3) Q = e/3, spinl/2; (19a) 

http:followi.ng


{3 . (1\8,A8),{3c = (8,1, 1), ,6r, = (1,3, l),,DR = (1,1,3) Q = 0, spinO; (19b) 

x . (1\1\, 88),XL = (3,3.1),XR = (3,1,3) Q = e/ 3,spinO; (19c) 

y(A1\, 88), Yc = (8,1,1)' YL= (1; 3,1), YR = (1,1,3) Q = 0, spinO. (19d) 

Notice that a thre&-preon system cannOt construct the singlet states of SU(2). So we 

disregard that choice. Here we call a, (3, x, Y in eq.(19) "subquark". Using a and x we 

. cart make quarks and leptons of the first generation: . 

2 
u (ax), (3, 1, 1); Q == -e· (20a) 

. 3 ' 
.. 1 

d (axx) , (3,1,1) Q = -3e; (20b) 

1/ (ax), (1,1,1) Q = 0; (20c) 

e (axx), (1,1,1) Q = -e. (20d) 

In order to make the members of higher generations, we should consider that orbital 

and radial exitations seem to have the wrong energy scale and then the most likely 

type of exitations is the addition of preon-antipreon pair [8]. The results for 2nd and 

3rd generations are as follows: 

(axyc) (aXYL,R) 
2nd generation (21a){~ (axxyc) (axxYL,R) 

(axycyc) ( aXYL,RYL,R) 
3rd generation. (21b){~ (axxycyc) ( aXXYL,RYL.R) 

The illustration for quarks is in Fig. (2). vVe can make vector or scalar particles with 

(1,1 ,1), 

(a1aTx) z? (aTai ) 
Vector-sector (22a)(aTaTx) { Zo 

2 (afai xx) 

(aiaix) S? (aTai ) 
Scalar-sector. (22b)(aiaix) { sg (aTalxx) 

, where a T; a 1 mean spin-up; spin-down. In the standard model weak bosons of Wand 

Z are mdSsive gauge fields equipped with the Higgs mechanism. OIl the other hand 

there is a alternative concept that every gauge bosons are elementary mdSsless fields 

and usual weak interactions are the effective residual forces due to the substructure 

dynamics . Then if we adopt this consideratioIl, Wand Z are regarded as composite 

objects of the substructure matters and play the same role as p-mesons in QeD. In 

our model ~V±, Z? and zg in eq. (22) can be assigned to such ones and usual weak 

interactions occur essentially by the rearrangements of a,x as seen in Fig. (3). 
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4 Verification of composite'ness of quarks and lep­
tons 

If quarks and leptons are really composites of subquarks, what phenomena must 

be explained? They would include (1)the mass spectrum of quarks and leptons (2)the 

quark-Ravor-mixing in weak interactions (3)closeness to the Dirac magnetic moments 

'. (4)non-existence of low-lying spin-3/2 exitations, etc. vVith regard to (3) and (4) ,our 

model, as shovm in eq.(20) , eq.(2l), has an advantage that all quarks and leptons have 

only one spin-1/2 fermion (a, or a} This fact ~ould lead a speculation that low-lying 

spin.:.3/2 · exitationed states cannot exist con pared with 'low-iying nucleons possessing . 

three spin-1/2 fermions( quarks) and that only one a (or Q) which causes the magnetic 

moment may be regarded to wear the clouds of bosonic x and y c and then external 

electromagnetic fields would feel a (or Q) pointlike by Gauss- Law for electric charges 

and would, as a result, recognize that quarks and leptons have the Dirac magnetic 

mommment. Next discussions about (1) and (2) are as follows: 

(1) Mass spectrum of quarks and leptons. 

The experimental constraints such as the 9 - 2 measurements request that quarks 

and leptons have sizes smaller than 10- 17em. Combining this fact with the notion 

of compositeness of quarks and leptons, the most characteristic feature imaginable is 

that the subquarks have very large kinetic energies and their masses may be estimated 

essentially zero. From Fig. (4) we notice several points. First of all the mass spectra 

of both quarks and leptons seem to be "geometricratio-like". Actually we can roughly 

parametrize them as follows: 

AfuQ l.7 x 10-4 x (102.05r Gev for U,c,t (2:3a) 

iV/DQ 3.0 x 10-4 x (10139r Gev for d,s,b (23b) 

iV/DL 3.6 x 10-4 x (10 123r Gev for e,jJ., T, (2:3c) 

where n = 1,2,3 are for the generation number. These parametrizations are obtained 

by using 2nd and :3rd generations. So they do not coincide with 1st generation so well. 

But we need some discussions about this point. In 2nd and 3rd generations the kinetic 

energies of subquarks must contribute most to the mass of quarks and leptons and on 

the contrary, the masses of subquarks and other fine structure parts must be negligible. 

This situation is very different from the hadronic mass spectrum \vhich has the features 

full of variety because the constituent quarks inside hadrons have comparable value.s 

of masses, kinetic energies, potential energies and contributions from fine structure 
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parts. As for the masses of the 1st generation· we could probably speculate that the 

kinetic energies of subquarks are rather small and comparable to masses of subquarks 

and other fine structure parts, which might cause that masses of theIst generation 

. are offfrom the dashed lines in Fig. (4) . 'vVe notice that electron mass behaves most 

pecuriarly among all .members and that other members including top-quark behave 

rather naturally. The peculiarity of electron mass might become a clue to investigate 

the motions of subquarks in future . 

Here we assume that discussions in section 3 can apply to quark masses. In our 

model of eq.(21) total numbers of constituent subquarks (o:,x,y) are as follows: 3 

su~quarks for c..:quark; 4 fort; 4 for s; 5 for b. Then by using eq.(23) and discussions 

in section, (3) we find 

NIb ~ (rb ) l/D = 101.39, (24a)
kIs 4 rs 
kIt 
- ~ (rt) vu = 102 .05 , (24b)
i\!Ie 3 re 

where J'vIq,rq (q = b, s, t, c) are quarkmass and mean interaction length of constituents 

(0:, x, Ye) inside quarks; VD,U are powers of potentials of down- or up-quark sector. 

And from this we get 

1.30rb 
10 -;;0, (25a) 

rs 
rt 1.93 

1Ot;V , (25b) 
re 

where we suppose VD,U i- O. If we set VD,U < 0, then we get rb < rs and rt < re. 

(2) Quark-Ravor-mixing in weak interactions. 


Before discussing this issue we rewrite quark sectors of eq.(20) and eq.(21) to 


< ul =< o:xl < dl =< 0:xxI 

< cl =< o:xYe l ; < sl =< o:xXYel (26)


{ < tl =< o:xYeycl ; < bl =< o:xxYeYel· 

In our model quark-Ravor-mixings occur by creation or annihilation of "ye" inside 

quarks. " Ye" is a neutral scalar particle carrying SU(3)-octet color charge and, there­

fore, is coupled to two gluons (See Fig. (5)). Then usual charged weak interactions are 

shown schematically as in Fig.(6). "0:", "x" and" Ye" inside quarks are essentially 

confined by SU(2)tvR and also confined by SU(3)QCD within radius of a few Tev-l[lO]. 

The QeD senario demonstrates a running coupling constant as: 

II Q2 
o...{Q) 0 . (.\) + b In( AT)' (27)

{ b = 4~(11 - §NJ - 112 !Vs) , 
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·where N f ;Nsis a number of fermion; scalar, and·A is an arbitrary momentum scale . 

. As· 0: is fermiortic and x, Ye are bosonic, we set N f = 1, Ns = 2. Then we calculate . 

b = 0.8, using which to eq:(27) we obtain 

(Q2 
1 ) .q = 0.81n -2 ' (28) 

O:s Aq 

where" q" of o:~ andAq means that subquarks are confined inside quarks by 0:% at the 

momentum scale: Aq '" a few Tev. vVeillustrate it in Fig. (7) where we denote O:Z for 

~sual quark confinement phenomena at A = 0.2 Gev. Usually the quark-flavor-mixing 

. ratios in weak interactions are indicated. by CKM matrix element IVij I's as 

/Vud I = 0.974 ± 0.0010 , /Vusl = 0.2205 ± 0.0~18 


/Ved I = 0.204 ± 0.017 ,/Veb I = 0.040 ± 0.000 (29)

{ /Vcsl = 1.01 ± 0.18 ,/Vub/Vebl = 0.08 ± 0.02, 

All of them have been determined dy the experiments[ll]. Refering Fig.(6) we find 

/VUS I and /Ved I correspond to (a) and paying attention to the experimental fact of 

IVusl ~ /Vedl and non-equality of s-quark and c-quark mass we could conjecture that 

(Ye ~ 2g)-process in Fig.(5) is factorized from net weak interactions which are shown 

essentially in Fig. (3) . Considering this point, we demonstrate charged weak currents 

of quarks by using the formulations of eq.(26) as: 

< uld > < o:xlo:xx >ud= < UID >ud (30a) 

< uls > < o:xlo:xxyc > us=< UID > us< DI(2g) ~ Ye > us (30b) 

< ulb > < o:xlo:xxycYc >ub= < UID >ub< DI(2g)(2g) ~ YcYc > ub (3Oc) 

< cld > < o:xYclo:xx >ed= < Yc ~ (2g)IU >ed< UID >ed (3Od) 

< cis > < o:xylo:xxycYc > es=< UYclDyc >es (3Oe) 

< clb > < o:xYclo:xxycYc >eb= < UYclDyc >eb< DYcl(2g) ~ Yc >eb (30f) 

< tid> < o:xYcYclo:xx >td=< YcYc ~ (2g)(2g)IU >td< UID >td (30g) 

< tis> < o:xYcYclo:xxyc > ts=< Yc ~ (2g)IUyc > ts< UYclDyc >ts (30h) 

< tlb > < o:xYcYclo:xxycYc >tb, (3Oi) 

where we denote < o:xl =< UI, < o:xxl = < DI for brevity. Considering QeD coupli.ng 

constant o:i(Q) in (Yc ~ (2g))- processes we write the expectation values of these as: 

0:%(Qqq')2Bqq' = 1< Yc ~ (2g)IU; D; (UorD)yc; (UorD)ycYc >qq' I (31) 
{ 0:%(Qqq')4Bqq' = 1< YcYc ~ (2g)(2g)IU; D >qql I, 
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where Bqq' is an unknown factor due to the dynamics of the transition from q'-quark 

. to q-quark and Qqql is a effective momentum transfer of present interactions. Here let · 

us assume that the net weak interaction is not influenced by the kind of the initial and 

the final quark. Then we introduce the following notations as: 

I < UI D > I · == I < U ID >qq' I 
..{ I < UYclDyc > I . I. < UYclDyc >qq' I· 

(32) 

By using eq.(30),(31) and (32) we define the quantities iV/qq', which may relate toCKM 
. . 

matrix element Vqql, as follows : 

1< uld> I · 
A1ud· = 1 (33a)

1< UID> I 
I < u Is> I _ q(Q )2B _ IVus IiV/us - (33b)I < U I D > I - 0:s us us - IVud I 

1< ulb > I = o:q(Q )4B = lVubliV/ub (33c)I < UID > I s ub ub lVud I 


I < c I d > I _ q(Q )2B _ IVcd I
iV/cd (33d)I < U ID > I - 0:s cd cd - lVud I 

I < cis > I 
j\;/cs - = 1 (33e)

I < UYclDyc > I 
l<clb>1 _ q(Q )2B _IVcblA1cb - 0: cb cb - (33f)

I < UYclDyc > I IVcslS 

I < tid > I _ q(Q )4 B _ IVtd I!Vltd - (33g)I<UID>I-O:s td td- Wudl 

I < tis> I = o:q(Qts)2 Bts = IVtslMts (33h)
I < UYclDyc > I s IVcsl 

1< tlb > I 
Aftb - = 1 (3:3i)

I < UYcyclDycyc > I . 

From eq.(29) and eq.(3:3) we can estimate iV/qq' numerically as follows: 

!\1us = 0.226 ± 0.002 , A1ub = 0.00:34 ± 0.0012 
(34){ J\I/cd = 0.207 ± 0.019 , A1cb = 0.042 ± 0.013. 

By using eq.(33. b, f) and eq. (34) we have 

Mus = 0:~(Qus)2 Bus = 6.0 ± l.9. (35)
A/cb 0:1(Qcb)2Bcb 

If we assume Bus'.:::::.Bcb , we get approximately 

(36) 
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From eq. (28) we get the interesting equation: 

(37) 

If we use eq.(36), we obtain 

. Qus { -0.875 }
-- = exp q . 	 (38)
Qcb O:s(Qus) 

As we have no experimental informations about o:~(Qus), let us set o:%(Qus)= 0.3; 0.4; 

0.5 tentatively. 	Then we calculate respectively 

Qus . 
-Q = 0.05; 0.11; 0.17. 	 (39)

cb 

So we could imagine that Qus/ Qcb = 1/ 10 f"V 1/100. The characteristic feature of 

our model is that particles of 0:, x, Yc interact each other inside quarks and then we 

could suppose there exists the relation between mean interaction length rq and effective 

interaction energy Qqq' of o:HQqq'). For the present case we may assume 

(40) 

From eq.(25), (39) and (40) we 	obtain 

- 0.65 < I/o < -l.3. 	 ( 41) 

\Ve find I/o is negative" and 	may be close to the Coulomb-like potential. By using 11 

eq.(33, b ; d) and lVIusc:=.AIcd we have 

(42) 


If we assume Busc:=.Bcd, we obtain o:~(Qus)c:=.o:~(Qcd) . From this result we could sup­

pose that the interaction length among 0:, X, Yc inside s-quark is roughly eqal to that of 

c-quark. But this may be accidental because I/o and I/u appeared in eq.(24) may well 

be different in general. Here let us examine the following equation by use of eq. (33, c 

; f) : 

(43) 

where we assume Bcbc:=.Bub in the last equation. Putting values of Afcb and .Hub of 

eq.(34) into eq.( 4:3) we get 

o:~(Qcb) - 08- ± 0 01q(Q ) - . { .~ . 	 ( 44) 
0:5 ub 
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Th.en it would be said that 

(45) 


This consistency is to be expectd primarily. Next issus to be investigated is the t-quark 
. . . 

phenomena. . By using eq.(25) and eq.(28) and the assumption :rt/re = Qed / Qts(which 

.is similar toeq.(40)) we obtain 

1 1 . . 1 
q(Q ) - - x 7.1. . (46) . 

. Q1( Qts) Qs cd Vu 

From eq.(33, d; h) we obtain 

( Q~(Qts) )21 II I
1Vts 1 Ves (47)c::: Q~ (Qed) Ved , 

where we might assume Bedc:::Bts because they are both the quantities of the same 

up-quark sector. And from eq.(33, g ; h) we have 

(48) 


where we assume Btsc:::Btd , QHQts)C::: QHQtd) same as eq.(45) and IVud lc:::lVesl c:::1 . 

Using eq.(46); (47), (48) and parameterizing Q~(Qed) and Vu we can calculate IVtsl and 

IVtd I· Resul ts are listed in Table (1). It seems that a large negative Vu is preferable 

and IVtd 1 is the order of 10-4 which is one order smaller than the values of I \ltd I by the 

usual unitarity assumption. 

Next issue to be examined is the flavor changing neutral current (FCNC). In the 

standard model ill which quarks are elementary, the suppression of FCNC is explained 

in the context of the external relationship among quarks such as GIM mechanism. 

But the composite models generally have a possibility to explain it with the subquark 

dynamics inside quarks. In case of our model FCNC might occur by the interference of 

two amplitudes to which Zp and zg contribute. 'vVe illustrate the case of (sd)-transition 

in Fig.(8). 'vVe could show this as the following equation as : 

< (Qa)IHIYc --+ (2g) >z?C::: - < (Qa)(xx)IHlyc --+ (2g) >zg, (49) 

where H is a hamiltonian to induce FCNC which is not known yet . 'vVe notice that 

this kind of phenomenom would not occur in the leptonic neutral currents because 

(Yc --+ (2g)) -process des not happen inside leptons. 

The last subject to be studied is the mass-mixings of Ps-meson and anti Ps-meson 

( Ps is neu tral pseudoscalar meson )such as KO - KO, DO - DO ,B~ - B~ and B~ - B~. 
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Usually we investigate the mixings of (Ps f-+ Ps ) by using follo\ving formulations \\ith 

the vacuum insertion approximation: 

(50) 

where j\1p is Ps-meson mass; .6..1\1p = /kIp ~ j\1p /; kI12 (Ps f-+ Ps) is a transition mass 


matrix element of the dispersive part; k is a common factor for all mesons from various 

. . . 

dynamics; Bpis a " Bag' factor; fpis a decay constant ofPs-meson; and 1>p is the con­

.. tribution from the unknown underlying dynamics to induce (Ps Ps)-transition[12] . .f-+ 

Here let us extract the informations about 1> p from the recent experiments(listed in 

the Particle Data Group[ll]). Then, by using eq.(50), we obtain 

(51) 

where we use the assumption that BKf't: = (0.17Gev)2; BDfb = (0.19Gev)2 and 

BBf1 = (0.33Gev)2 [12]. From eq.(51) we may well expect 

0(1) rv 0(10) (52) 

In our model (Ps Ps)-mixings could happen due to "yc-rearrangements" betweenf-+ 

two quarks inside the present Ps-meson as seen in Fig(9). This is a kind of the super­

weak interaction originated by vVolfenstein [13]. This interaction could occur when 

quarks overlap each other, because yc-particles are confined essentially inside quarks. 

Then we can write for 1>p as : 

Gsw 
1>p = APi\.2' (53) 

q 

where Gsw(Gev-2) stands for the strength of the present interactions, Aq has appedred 

in eq.(28) and Ap is the contribution from the details of the subquark dynamics inside 

quarks constructing the present Ps-meson . It is noticed that the recent report of 

Aq = a f ew T ev[10] is consistent \\ith AiN = 1 rv 10 T ev, which is a mass of a 

flavor-changing super-weak neutral scalar particle if it may exist[14] . In our model <Pp 

has nothing to do with CKM matrix elements and the results of roughly-equal values 

among <I>~s seen in eq.(52) could be speculated by analogy of the high-energy hadronic 

interactions owing to "quark-rearrangements" . 

Discussion 

\Nhat has to be first discussed is that we apply eq.(1) and eq.(2) to the quark- mass 

spectrum .They describe the non-relativistic picture . On the other hand the subquark 
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dynamics inside quarks must be surpassingly relativistic. In order to discuss this point 

let us refer to the electron mass. Theeq.(23), also Fig.(4) , shows the lepton-mass 
. . 

spectrum seems to have the same behavior as those of quarks. In our model there exist 

"three" subquarks (0, x , x) inside a elctron.But the meaning of" three" must be the 
. . . . 

. least number of subquarks (characterizing the various quantum numbers of a electron) 
.. . 

that are renormalized with the infinite numb~rs of subquark-antisubquark pairs from a 

point of view ofthe usual field theory. However the stability of a electron is so peculiar 

that the mass eigenstate of a electron could be "effectively" treated by the sationary 

description 
. 

of the non-relativistic bound state problem 
. 

concerning "three" subquarks if 

w~ treat" the mean ~alues Jor time" . In our model the characteristic ofthe generation 

structure ( that is, geometricratio-like spectrum) does not come from any quantum 

number effects( such as n, l, .5 ) but essentially from the number of subquarks. This 

situation may be the same that the mass gap between the low-lying nucleon mass and 

the p- meson mass comes essentially from the different numbers of the constituent 

quarks ( namely, 3 to 2 ). In this connection the latter case mainly depends on the 

masses of the constituent quarks but the former case may depends on the large kinetic 

energies and potential energies of the constituent subquarks, 

Next, the interesting featue of Fig.(4) is the similarity of the slopes between that 

of (d, s, b ) and (e, p , T), both of which have the same number of subquarks. \Ve 

may speculate that the dynamics inside both are similar. In our model the generation 

number depends on adding the" y" -particles. Then it is, in principle, allowed to rase 

the generation number wi.thout restriction just as the Periodicity-Law of the atoms. 

If we set n = 4, in eq.(23), we obtain 19 Tev for the up- quark sector, 109 Gev, for 

the down-quark sector and 30 Gev for leptonic sectoras seen in Fig. (4). Concerning 

the neutrino masses , if we believe the solar neutrino experiments wi.th MSW-effect 

rv(6m2 10-5 eV), the mass of vJL may be around 1O-2~-3 eV. Here, learning the 

similarity of the slopes between the down-quark masses and the lepton masses, it is 

predicted that the mass of V T is around 10- 1 eV and 10 eV for the 4th generation \\ith 

the assumtion that the slope of the neutrino masses is the samme as that of the up­

quark sector. But whether our Universe allows the existence of the 4th generation or 

not is an open question. Eq.(21) says that the generation-scheme of the leptons depends 

on adding "YL,R"-particles which belong to the adjoint representation of SU(2)t/. If 

(e - p - T) mixings exist, they are induced from (YL ,R -; (2gsU(2)w))-processes (from 

which p -; e, cannot occur). The experimental evidences show that the mixings ha\·e 

not been observed yet. As the reason of this, it is speculated that the sizes of the 
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leptons are so small that the running coupling constant of SU(2)-gluons is very small 

. owing to that the intreaction length among subquarks inside leptons is very short . 
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Figure Caption 

Fig.(l) Schematic pictue of the bound states controled by the power-law potential 

V(r-) = Ar-u 
. 

. Fig.(2) Schematic picture of the quarks composed of 0(-), x(o) and Yc(L~) . 

. Fig.(3) Residual weak interactions by composite W, Z 

Fig. (4) Spectrum of quarks and leptons. 


Fig.(5) (Yc ---7. (2g))-process, g is a SU(3) octet gluon. 


Fig. (6) Charged weak interactions explained by(yc ---7 (2g) )-process. 


Fig. (7) Runnibg coupling constant :ns 


SU(3)~ : Nf = 4 confining quarks inside hadrons 


SU(3)~ : N f = 1, Ns = 2 confining subquarks inside quarks. 


91 Gev : Z-boson mass. 


Fig.(8) Flavor changing neutral currents. 


Fig. (9) pO f--' pO-mixing by Yc rearrangements . 


Table Caption 

Table(l) The values of IVtsl and IVtdl· 

nHQed) and l/u are parameters. 
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Table1 


~IVtskl~~Qcd) 
0.3 0.50.40.2VtJ~Vtdlx~ 

IVts I 3.5 1.4 1.02.2-1.0 
liVid I 2.5 2.1 l.6 l.3 
IVtsl 2,13.14.8 1.5-l.3 
I , V~I 4.5 4.2 3.4 2.8 

5.5IVtsl 3.6 25 1.5-l.5 
IVt<t I 5.9 5.7 5.0 ' 3.4 
IVisl 6.9 4.6 2.63.4-1.9 9.3 9.4IViId 9.0 8.1 




