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Abstract 

A fermion-hoson-type composite model for quarks and leptons is Pre}

posed. Elementary fields are only Olle kind of spin-1/2 preon and spin-O 

preon. Bot.lt of preons are in the global supersymmet.ric pair witb tLe 

common electric cbarge of "eI6" and non-Abelian cLarges of (:3,2,2) un

der t.be spontaneous unhroken local 5U(:3)c 0 5U(2) L 0 5U(2) R gauge 

symmetry ind llced necessarily bv t be concept of " Cart.an con lIeetion" 

eqllipppd wit.h "Soldering \Iechanism" . Preons are composed int.o sllh

qllarks \\'hi"lt ,He "int.ermediat.e clust.ers" t.owa.rds qllarks and lept.ons. 

They are eOllst.met.ed fmm subquarks holding massless property in eon

fining SU('2)L 0 SU(2)R gauge symmet.ry owing t.o Wigner-\\'eyl real

izat.ion. Bot.h of left,- and right-handed quarks and leptons are compos

it.e. The mechanisIll of making higher gener<ltions is oht.ained by adding 

t.he nellt.ral scalar sllbqllark(YL,R) of a preon-ant.ipreon pair carrying 3 

of SU(2)L.R ch'Hgt'. Quark-fiavnr-lllixings in charged Ipft-handed weelk 

('\lrrents o(,('llr wit.h YL to anniltilat.e int.o t\\'() SU(2)L glll()n~. By this 

nH'(: lwllislll \\'e predict Ivisl = 2.G x 10-'2, lVidl = 1.-1 x lO-J ",hidl nre 

snl<1lkr hy a fac·t.or t,IICln t.llf' values of tltelll assllming t,uree gener,l t.i(m~ 

\\-it.1! unitarity. 

·t Available lllail 'lddres..<; is ,IS t'o/lo\I:s : :\ago.va Cllivf'rsit..v Depart.lllellf of Pl!vsics :\ago.\·;[ -W-l-O[ 
.Japall 
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1 Introduction 

The discovery of the tOlf-quark [1] has finally confirmed the existence of three quark

lepton symmetric generations. So far the standard SU(2h G [Jr(l) model (denoted by 

SM) has successfully explained various experimental evidences. :\evertheless, <'IS is 

. well known, the SM is not regarded as the final theory because it h<'ls many <'Irbitrary 

parameters, e.g. quark and lepton masses, quark-mixing parameters and weak mixing 

parameter , etc. Therefore it is meaningful to investigate the origins of these parameters 

and the relationship among them. In order to overcome such problems some <'Ittempts 

h<'l.ve done, e.g. grand unific<'ltion(GUT), supersymmetry, composite model, etc. In 

the GUT scenario quarks and leptons are elementary fields in general. To the comrMY 

in the composite scenario they are literally the composite objects constructed from the 

elementary fields (which \ve call "preon") [2 ]. If quarks and leptons <'I re elementary, in 

order to solve the above problems it is necessary to introduce some extem<'ll rel<'ltionship 

or symllletrips among them. On the other hand the composite models lW\'8 <'Ibility 

to explnin the origin of these parameters in terms of the substructure dYlwmi('''s of 

qWl.rks and leptons. Further, the composite scenario naturally leads the thought th<'lt 

the intennedi8te Vector bosons of we8k interactions(vV, Z) are not elementary g<'luge 

fields but composite objects constructed from preolls(same as p -meson from qU<'Irks) . 

\LUlY studies b<'lsed on such conceptoin have done after Bjorken'sp] and HUllg <'Ind 

S<'Ikumi's[4] suggestions of the <'Iltemative way to unified we<'lk-electrom<'lgnetic gi'lllge 

theory[.s-l1]. In this scheme the weak interactions are reg<'lrded <'IS the effective rpsiducl1 

interactions ellllOng preons. The fundamental fields for intermediate forces an., m<'lsslpss 

gaugp fields belonging to some gauge group and they confine preons into singlet states 

to build qunrks ,mei leptons and vV , Z. 

Recently CDF Collaboration at the Fermilab Tevatron Collider has rele<1spd the 

data tl!elt the excess of the inclusive jet differential cross section in the .iet trcms\'ersp 

energy region of 200 .:l00 Gev in the pp collision experiments at fi = 1.8 Tp.\'[12]."-.J 

A.lthough several iHguments elre going on conceming next-to-leading onler QCD ccd

culntiolls[nl, they suggest the possibility of the presence of quark substructre c)[Olllld 

1.6 Te\'[12]. In this ellticle we consider a composite model f'or quarks <lnd leptons elll<l 

nlso Cjllilrk-flct\'or-mixing phenomelw ill terms of the substructure JYIWlllic:s. The con

ceptiun ot' our lllodel is tllilt the fUlldamental illtenlctillg forces are all origilwtPtl from 

llklSS less g<lllge nelds helongillg to the adjoi llt represelltat iOlls of SOllle gi111ge grull p~ 

which he\.\'e nothing to do \\'itl! the SpOllte)!lPOUS brpak down Clnd tlwt the e[Plllelltilry 

') 
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m8tter fields are only one kind of spin-1/2 preon and spin-O preon carrying common 

"e / 6" electric charge(e > 0). Quarks, leptons and W, Z are all composites of them and 

usual weak inter8ctions are regarded as effective residuc:d interactions. Based on this 

model we suggest that there exists a relationship between the quark mass spectrum 

8.nd the quark-Aavor~mixings at the level of the substructure dynamics. 

Gauge theory inspiring quark-lepton composite 
.

scenarIO 

In our model the existence of fundamental matter fields(preon) are inspired by the 

gauge theory with Cartan connections[14]. Let us brieAy summarise the basic fedtun~s 

of thcH. Generally gauge fields, including gravity, are considered as geometrical ob.iects, 

that is, connection coefficients of principal fiber bUIldles. It is said that there exist some 

different points between Yang- :\Iills gauge theories and gravity, though both theories 

commonly possess fiber bundle structures. The latter has the fiber bundle related 

essentially to .:l-dimensional space-time freedoms but the former is given, in an ad hoc 

way, the one with the imemal space which hilS nothing to do \\ith the spnce-ti rne 

coordinates. In case of gra\ity it is usually considered that there exsist ten g,wge 

fields, that is, six spin connection fields in 50(1, :3) gauge group and four \'ierbein 

fields in CL(J., R) gc1uge group from which the metric tensor gJ.l1/ is constructed in a 

bilitH'ar function of them . Both altogether belong to Poincare group 150(1 , :3) = 

50(1,3) (;) R..!, which is semi-direct product. In this scheme spin connection fields and 

vierbein fields are independent but only if there is no torsion, both come to h,1\"e some 

reldtionship. Seeing this, IS0(1,:3) gi.wge group theory hd.5 the logical weak point not 

to answer how two kinds of gravity fields are related to each other illtrisically. 

In the theory of Defferential Geometry: S. Kobayashi hilS investigated tlHe: theory of 

"Cilrtan connection" [161. This theory, in fact, has ability to reinforce the abo\'e \\'eak 

point. The brief recapitulation is as follows. Let £(8", F, C, P) be a fiber bundle 

(which we c,111 Cnt,lll-type hundle) n.ssociilted with a principc11 Rber hundle P(B". C:) 

where BI/ is a hnse tlwnifold with dimension "11" 1 c: is a structlJre group. F is ,1 Rhpr 

sp<1ce which is homogenpous and diffeomorphic with C/G' where G' is a sllhgroll[J of 

C. Let P' = P'(B". (;') he i1 principe1l fiber bundle, thell P' is (l subblllldlt' of P. Herp 

let it be possiblt~ to decompose the Lie algebra g of G illto the subnigpbr<l g' of C:' cutd 



a vector space f such as : 

g = g' + f, g' n f = 0, (1) 

[g,g"] C g,, (2) 

[g', f] C f, (:3) 

[f, f] C g', (.:1) 

where dimf = dimF = dime - dime' = dimEn = n. The homogeneous space 

F = e/ G' is said to be "weakly reductive" if there exists a vector space f siltisfying 

Eq.(I) and (:3). Further F satisfying Eq(4) is called "symmetric space" . Let J.) denote 

the connection form of P and w be the restrictioll of w to P'. Then w is a g-\'alued 

linea.r differential I-form (1nd we have: 

(5) 

where 9 E G, dg E Tg( e). JJ is called the form of "Ca.rtan cOllnection" in P. 

Let the homogeneous space F = Gi G' be wea.kly reduc tive. The t(1ngent Sj)ilce 

T'o(F) at 0 E F is isomorphic with f and then To(F) can be identified with f a.nd also 

there exists alillear f-valued differential I-fonn(denoted by H) which we Cedi the "form 

of soldering" . Let u./ denote a g'-valued I-form in P', we have: 

W = :J./ + B. (6) 

The dimensioll of vector space f and the dimellsion of base Irlani fold EI/ is the sallie 

"7J.", and then f can be identified \vith the tangent space of En at the same poillt in 

B" and Rs work as n-bein fields. III this case j and H unifyingly belong to group C. 

Here let us call sueh a mecha nism" Soldering yIechanism". 

Drechsler hi:1s found out the useful aspec ts of this theory and investigilted (1 gr<l\'i

tatiollal gauge theory h<1sed 011 the concept of the Cartan-type bundle equipped with 

the Soldering :Vfechil 11ism[17\. He cOllsiclered F = 50(1,4) / 50(1 , :3) model. HOlll()gP

n80US spilCe F with ch-m = .:1 solders 4-climensiOlwl real space-time . The Lie algpbra 

of 80(1,.:1) corresponds to g in EC!.(l) , that of 80(1,:3) co rre-sponds to g' and f is 

4-dimensio ll<11 vector spiKe. The 6-dimension<11 spin connection fields are g'-\,<1lued oh

jee ts illld vipr\win fields () ["f>, f-valued, both of \vhich (\[e lltlified into the memhers of 

SO(1 , .:1) gauge group. \Ve can trli1.ke the met ric tensor gJ.w ilS it bilillPclr fUllct ion of 

f-Vtl illed vierbeill fields. Inheriting Drechsler's study the author hilS illvestigated the 

http:trli1.ke


qualltum theory of gravity[U]. The key point for this purpose is that F is d symmetric 

space because fs Me sat isfied with Eq.(4). Using this symmetric nature we C,ll! IIwke 

a quantum gauge theory, that is, constructing g'-valued Faddeev-Popov ghost, am i

ghost, gauge fixing, gaugeon alld its pair field as composite fusion fields of f-\ 'dillecl 

gauge fields by use of Eq.(4) and also naturally inducing BRS-invClriance. 

Comparing sllchd scheme of gravity, let us cons ider Yang-\lills gauge theorips. 

Usually when we make the Lagrangian density L = tr-(F 1\ F+) (F is a field strPllgth). 

we must borrow a metric tensor gl'l/ from gravity to get F* and diso for Yang-~Iills 

gauge fields to propngate in the 4-dimensional real space-time. This seems to mei1!l 

that;: there is ,1 hierarchy between gravity and other three gauge fields(electrom,lgIletic, 

strong, ilnd weak)". But is it really the case? As an altern,uive thought we C,ll! thillk 

thil.t all kinds of gduge fields are "equal". Then it \vould be natura l for the qupstiu!1 

"What killd of equctlity is that T to arise. In other words, it is the question thilt 

"\V11,U is the I1li1ximum structure of the gauge mechanism which four kinds of forcps 

are commonly equipped with T . For answering this question, let us make a assumption 

: "Gan.!Je fi elds aTe Carl.an connections equipped v:ith Solderin!J Mechanism." In this 

meaning illl gClllge fields are equal. If it is the case three gauge fields except for gra\'ity 

Me also able to have their own metric tensors and to propagate ill the renl spdcP-tirne 

withollt the help of grd\'ity. Such a model hds alreildy investigated in reL[Ul . 

Let us discuss them briefly. It is found that there are four types of sets of cldssicd l 

groups with smellier dirnensiolls \vhich admit Eq.(l,2,:3,-1) , thdt is, F = 80(1. 4) : SO( l. :)), 

SC(:3) ' [,-(2), SL('2,C)GL(l ,C) and 80(5) / 50(4) with (hmF = .:1[181. :\otic:p thnr 

the qlldlity of "(lim ·f' is very importn!lt becduse it guarCllltees F to sole1pl' to -1

dimensiollal reil1 SPilce-time and ill! gauge fields to work ill it. Thp model of F = 
80(1;-1)80(1,:)) for gravity is dlready mentiolled. Conceming other gilllgP fiplds. 

it sePllIs to be 8ppropridte to 8ssigll F = S[/(:3) / C(2) to QCD g8uge fields; F = 

SL('2,C)GL(LC) to QED gauge fields d.l1Cl F = 80(5)/SO(-1) to wei1k illtenlCriltg 

gClllge fields. SOllle discussiollS concerned are following. fIl gellPri1l, matter fields COII]!le 

to g'-\'illued gallgp fields. As for QCD, matter fields couple to the gdUgP fields of CU.) 

subgroup but 5C(:3) cOllt<lillS, clS is well kllowll, thrpe typps of S'C('2) suhgroups ill!d 

thpl\ ,l['cp r ,1l1 tllpy cOllple to illl rnemhprs of 8C(:3) gilllge fl(·~lds. III C,lse of QED . 

GL(1. C) is locellly isumorphic with C l ~ C(L) G R. Thell llSllill Abeli811 gduge fiplds 

i1l'(J dss igllPd to [.( l ) suhgruup o f G L( l, C). Ceorgi allt! Glnsltow sllggescpd thilt tltp 

reilSOtl \\.!ty tlu·' elpctric dwrge is Cjllilt!tizpJ comps from the filet thitt C( l) elpdtolllilg

tletic gi1\lgP gmup is i1 lltlfill:torizecl Sllhgroup of SC(.'5)[19i. Our modpl is ill Ihf-' SillT!f-' 

,) 
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situation because GL(l, C) a unfactorized subgroup of SL(2, C). For usual electro

magnetic [;'(1) gauge group, the electric charge unit "1"" (e > 0) is for one genF..TCLtOT" 

of U(l) but in case of SL(2, C) \vhich has six geneTutoTs, the minimal unit of elec

tric charge shared per one generator must be "e/6". This suggests that quarks and 

leptons might have the substructure simply because e, 2e;:3, ( / 3 > e/ 6. Finally as for 

weak interactions we adopt F = SO(5)/ SO(4) . It is well known that SO(4) is loca lly 

isomorphic \\·ith SC(2) 0 SU(2). Therefore it is reasonable to think it the left-right 

symmetric gauge group: SL,'(2h 0 SU(2)R' As two SU(2)s are direct product, it 

is able to have coupling constants (gL, gR) independently. This is cOllvelliellt to ex

plain the fact of the disappeara.nce of right-handed weak interactions in the low-energy 

region. Possibility of composite structure of quarks and leptons suggested by a/)o\'e 

SL(2 , C)-QED would illtroduce the thought that the usual left-hallded weak illter

actiolls are imermediated by massi ve composi te vector bosons as p-meson ill Q CD 

and that they are residual interactions due to substructure dynamics of quarks and 

leptons. The elementary massless gauge fields relate essenticdly to the struct ure of the 

real spilce-time llwnifold as the connection fields but 0[1 the other halld the composite 

vector bOSOllS have nothing to do with it. Considering these discussions. we sh"dl set 

the assumptioll " All bnds of ga'uge fields are elemental'Y nwssles$ .field.s, beloruJ'i.II.!J to 

spont:aneo'u.s unbroken SCl3)c 0 S[;'(2) L 0 SU(2) R 0 [I(1)e.m ga'uge gTO'Up and Ij'uart, 

and leptons and W,Z are all cornposite objects." 

Composite model 

Our direct moti vcl.t ioll towards compositeness of quarks alld leptolls is one of the 

results of the <lrgumellts in Sec.2, that is, e, 2e .' :3, e/:3 > e/6. HO\\'ever, other se\'eri11 

phenolTlellological fdcts tempt us to consider a. composite modeL e.g. repetition of 

generations, quark-lepto ll pcll'i1llelistrl of weak isospin doublet strllcture, quark-Haw)r

mixillgs , etc. Especi,llly Bjorkptl[:3j's alld HUllg illill S'lkur'li[.:lI·s sllggestioll or' ilil ,11

tenwci ve to Utlified W P, d k-elp,ctrom<lglletic gauge theories have im'okpd millly stll< lips 

of compusite models inclllding composite wei1 k hosons[,S- ll j. Our model is in rhe lill t-' 

of those st udips. There M'P two \\'ilys to make composite modpls, t1wr is ... Prp()IIS 

,Ire ,Ill [·enniolls." or" Preo llS i1 r~~ both fermions <mel bosolls (delloted hy FB-lllodr·' i)." 

The merit of the fonner is that it Cdn dyoid the prohrem of c1 (jlwdrcl tic,dly diq>rgPllt 

self-Illi:lSS of eleIIH·'ntary sCilhr fields. Howe\'e r, even in the liltter Cilse Stich il dist'ilSt-' 

is overcome if both fpnniolls and bosons c1re the supersymmetric pi1irs. both of which 
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carry the same quantum numbers except for the nature of Lorentz transformation( spin

1/2 or spin-OJ [20j. Pati and Salam have suggested that the construction of a neutral· 

composite object (neutrino in practice) needs both kinds of preons, fermionic 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[21j. This is a very attractive 

idea for constructing the minimal model. Further, from the representation theory of 

Poincare group both integer and half-integer spin angular momentum occur equally 

for massless particles[22]. If nature chooses" fennionic monism", there must exist the 

additiona,l specia,l reason to select it. Then in this point also, . the thought of FB-model 

is minimal. Based on such considerations we shall propose a FB-model: ': only one kin.d 

of spin-l/2 preon(denoted by A) and of spin-O preon(denoted by 8),,(prelilllinary ver

sion of this model has appeared in ref. [14]). Both have the same electric charge of" e 16" 

(See Sec. 2)[2:3] and the same transformation properties of the fundamental represent8

tion( 3, 2, 2) under the unbroken local gauge symmetry of 5U(:3)c 05U(2) L 05C(2) R. 

Then A and 8 come into the supersymmetric pair which gU8rantees 'tHooft's IwtUI"iII

ness condition[24j. The 5U(3)c, 5U(2h and 5U(2)R gauge fields C8use the confining 

forces \vith confining energy scales of Ac « J\L < (or ~)/\R(Schrempp and Schrempp 

discussed elabora.tely in ref.[l1]). Here we call positive-charged preOllS ( /\ 8) "matte]"" 

and negative-charged preons (1\ , 8) "antimatter". Our final goal is to build quarks. 

leptons and \V, Z from 1\(1\) and 8(8). Let us discuss that scenario next. 

At the very early stage of the developement of the universe, the mn.tter fields (1\ , 

8) and their alltimatter fields (1\ , 8) must have broken out from the vaccum. After 

tha t they would hilVe comhined with each other as the universe \\"ilS exp8nding. That 

would be the first step of the existence of composite matters. There are tell types of 

them: 

spin1 / 2 spinO e.m.chargr: Y. :\I.chargr 

1\8 f\f\,88 et3 (3, 1, 1) (3,1,3) (3;3, 1), (T<'I) 

1\8, A8 AX;88 0 (1,1 , 1) ( 1 , :3; 1) (1, 1, :3) , (Tb) 

A8 AA, 80) - e;:3 0,1,1) (:) , L, :3) (:3 , :3,1) .(Te) 

III this step the confining forces are in killd ill SU(:3) G SLi ('2h G SC('2)R g<lllW' 

symmetry bllt the 5C(2h G SU(2)R cOllfilling forces must be rtlilin !leCilllse of tht-' 

elwrgy scale of i\[" AR » Ac ;-mel then the co lor giHlg('~ cOllplillg ()~ illld P.lTl. cOllplillg 

COllStilllt 0 are Ilegligible. As is well knowll, the coupling constiult of S{ ,l2) conhll

illg force Me c1wl"ilcterized hy ~, = La O"~O"J , \\·here O"S Me 2 x :2 matrices ot' SC('2). 

T 




a = 1,2,3, o " f3= /\,A,8,8 , i = 0 for singlet and i = 3 for triplet. They are calcu

lated as so = -3/ 4 which causes the attractive force and and C3 = 1/4 causing the 

repulsive force. As concerns, SU(3)c octet and sextet states are repulsive but sin

glet, triplet and antitriplet states are attractive and then the formers are disregarded. 

Like this, two preons are confined into composite objects ,,\ith more than one singlet 

state of any SU(3)c (8 SU(2)L (8 SU(2)R' Notice that three preon systems cannot 

make the singlet states of SU(2). Then we omit them. In Eq.(7,b), the (1,1,1) state 

is the "most attractive channel". Therefore· (A8),(A8),(/\A) and (88) of (1,1,1) 

states with neutra.l e.m.charge must have been most abundant in the uni verse. Further 

(3,1,1) and (:3,1,1) states in Eq.(7,a,c) are next attractive. They presumably go into 

{(A8)(A8)}, {(AA)(A/\)}, etc of (1,1 , l)states \\ith e.m. neutral charge. These objects 

may be the candidates for the "cold dark matters" if they have even tiny masses. It is 

presumable that the ratio of the quantities between the ordinary matters and the dark 

matters firstly depends on the color and hypercolor charges(maybe the ratio is more 

than 1(3 x 3). Finally the (*,3 , 1) and (* , 1,3) (* is 1,3,3)states are remclined. They 

are also stable because Ico l > ICJI . They are, so to say, the "intermediate clusters" 

towards constructing ordinary matters, namely quarks, leptons and \V, Z. Here \\"e 

call such intermediate clusters "subquarks" and denote them as follows: 

YJ1.char-ge spm e.m.chu:rg€ 

0 

(3 

x 

Y 

(/\8) , 

(1\8), 

(AA, 88), 

(AA, 88), 

0L: (3,3,1), 

Ch:(1,3, 1), 

XL : (3,3,1), 

YL:(1,:3 , 1), 

OR : (3,1 , 3) 

,f3R : (I, I, 3) 

XR : (3,1,3) 

YR : (l , 1, :3) 

1 ' 2 € :3 , 

1,: 2 0, 

0 e, :3 , 

0 O. 

(8(1 ) 

(8h) 

(8c) 

(8ci) 

and the

:-; 0 \\' \\'e 

re a

come to the step to build quarks and leptons. 

.re also their <lntisubquarks[9j . 

The gauge sYlIllllett·y of 

the confining furces in this step is also SC(2h G SU(2) R because the sllhqllarks are 

ill the triplet states of SC(2)L,R ilnd then they are combined into singlet states by the 

decompositiull of:3 x :3 = 1 +:3 + 5 in SC(2). 'We make the first gellenltioll ,IS follo\\'s : 

e .m,chCLrge V..\1.chCLrge 

< uil < o,xd 2F: ' :3 (:3: 1, i) , «hi) 

< ci,1 < a,x,x,1 - [ .' :3 (:3.1 , 1). (9\» 

< l/il < oix,1 0 (1: L I). (9c) 

< e,1 < (}ix,xil -c (L L I), (0d) 
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where £ = L, R[.5]. Here we notice that f3 and y do not appear. In practice (CGy) : 

(1,1,1))- particle is a candidate for neutrino. But as Bjorken has pointed out[:3], non

vanishing charge radius of neutrino is necessary for obtaining the correct low-energy 

effective weak interaction Lagmngian[ll]. Therefore f3 is assumed not to contribute to 

forming quarks and leptons. Presumably composite (f3!3) ;(f37J) ;CG,G)-states may go into 

the dark matters. It is also noticeable that in this model the leptons have finite color 

charge radius and then 5U(3) gluons interact directly with the leptoIls at energies of 

the order of, or larger than AL or AR [20j. Concerning the confinements of preOllS and 

subquarks, the confining forces of two steps are in the same v.nbTOk[n 5U(2h 0SU (2) R 

local gauge symmetry. Here let us assume that subquarks in quarks are confined a t the 

energy of l.6 Tev( from CDF's data[12]). vVe calculate 62 = 0.:3.5 which is the coefficient 

of o:w(Q2)(the running coupling constant of 5U(2) gauge field). This comes from that 

the number of confined fermionic subquarks are 4 (ai, i = 1,2,3 for color freedom ,/3) 

and 4 for bosons(x;, y) contributing to the vacuum polarization (Refer Eq.(2:),a,b) in 

Sec.(-'1)). Using 62 = 0.3.5 we get Ow = 0.040 at Q=1019 Gev and extrapolating from 

this value we get the confining energy of preons (A,8) is l.6 x 102 Tev, where we use 

62 = OA1(by Eq.(23.b)) which is calculated with three kinds of A and 8 owing to three 

color freedoms. In sum, the radii of aJ3,x and yare the inverse of l.6 x 102 Tev and 

the radii of quarks are the inverse of 1.6 Tev. The mdii of leptons is presumably less 

than those of quarks because leptons are the sillglet states of 5U(3)c. 

0."ext let us see the higher generations. Harari and Seiberg have stated that the 

orbital and radial excitations seem to have the wrong energy scale( order of AL.R) cUld 

then the most likely type of excitations is the addition of preon-alltipreon pairs[6.261. 

TheIl usillg YL.R in Eq.(8,d) we construct them as follows: 

{< cl < o:xyl {< IJI'I < o:xyl 
2nd generation (lOa)

< sl < oxxyl, <pi < axxyl, 

< tl < oxYYI {< //TI < oxyYI 
:3rd gelleratioll. (ll)h) 

{ 

{< bl < O'xxyyl, <TI < o:xxyyl, 

wllPre the suffix L, Rs eire omitted for brevity. \Ve Ccin also mcike vector and sCcllCl[" 

piHticles \\'ith (l,Ll) 

<W-I < 0: 'o:'xl {< Z~I < 0:'0' 
Vector ( 1 Ll) 

{ 
< vV-1 < ()·!I·xl. < Z~I < o:T0"xxl, 

< S-I < (}'o~xl {< S~I < a~0"1 
SCillciL ( II h)

< S-I < 0"0'''xl, < s~1 < o:'0"xxl, 
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where the sufix L , Rs are omitted for brevity and T, 1 indicate spin 'Up, sp£n dOlL'n 

states. They play the role of intermediate bosoIlS same as IT, p in the strong inter

actions. As Eq.(9) and Eq.(ll) contain only a and x subquarks, we can dnl\'l the 

"hne diagram"s of \'leak interactions as seen in Fig (1). Eq.(9,d) shows that the elec

tron is cons truc ted from antimatters only. \Ve know, phenomenologically, that this uni

verse is mainly made of protons, electrons, neutrinos , antineutrinos and unknown dark 

matters. It is S<1id that protons and electrons in the universe are almost same in qU<1!l

ti ty. Our model show tha t one proton has the configuration of (uud) = (20:, 0:, 3x, x): 

electron :(0,2x); neutrino :(a, x); antineutrino :(0, x) and the dark matters are pre

sumably cons tructed from the same amount of ma.tters and antimatters bca.use of 

their neutral charges. Therefore these facts may lead the thought that" the universe 

is the matter-antimatter-even object." And then there exists a conception-Iei,p be

tween:: baryon-electron abundance" and " matter abundance" if our cornposte scena.rio 

is admitted(as for the possible \vay to realize the baryon-electron excess universe , see 

ref.[14]) . 

Our composite model contains t\VO steps, namely the first is "subquarks made 

by preons" and the second is "quarks and leptons made by subquarks". Here let 

us discuss about the mass generation mechanism of quarks a nd leptolls as composite 

objects. Our model has only one kind of fermion: 1\ and boson: 8. The first step 

of" subquarks made by preons·' seems to have nothing to do \\ith 'tHooft's i1!lomaly 

matching condition[2.:1] because there is no global symmetry with 1\ and 8. Therefore 

from this line of thought it is impossible to say anything about thilt 0:, /3, x and y 

<:He lllassle..ss or massive. However, if it is the case that the neutra'! (l),1)-stiltes of 

preon-amipreon composites(as is stated above) become the dark matters, the masses 

of them presullwbly he less than the order of \Iev from the phenomellologicnl ilspects 

of astrophysics. Then we may assume that these subqU<lrks are mi,ssless or i1 lmost 

lTli1ssless compi1red \\·ith ALR in practice , that is, utmost a few \[e\,. In the second 

step, the itrgUmems of 'tHooft's anomaly matching condition are meaningful. The 

confinillg of sllL)(lllill"ks must occur at the ellergy sC<11e of ALR » Ac dl1<:1 thell it 

is nat.ural thi"1t 0, : (Y -7 () a nd thdt the local gallge symmetry group is SpoIltdIleOI1S 

unhroken SC ('2)L, Q SC(2)R. S,>eing Eq.(0), we find qlwrks alld leptons Me CUIll])( )secl 

of the mixtures 0[· sllbqui1rks alld ilIltisubquarks. Therefore it is proper to regi1[d 

Sll bqll i1rks i1n<1 <11ltisllbqlwrks ilS different killds of particles. From Eq.(8 ,a ,b) \\·e filld 

eight killds of fel"miolli e suhqltd.rks( :3 for 0',0 and 1 for /3 ,/J). So the globi11 symmet.ry 
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concerned is SC(8h G 5U(8) R" Then we arrange: 

(/3, /3, Dil Di i = 1,2,:3 h,R 2n ( 12) 

where is are color freedoms. Next, the fermions in £q.(12) are confined into the singlet 

states of the local S['"(2h G SU(2) R gauge symmetry and make up quarks and leptons 

as seen in Eq.(9)(eight fermions). Then we arrange: 

zn (SU(8h G SU(8) R)'11obal, 

where is are color freedoms. From Eq.(12) and £q.(1.3) the anomalies of the sub

quark level and the quark-lepton level are matched and then all composite quarks alld 

leptons(ill the 1st generation) are remained massless. Schrempp and Schrempp have 

discussed about a confining SU(2h G SU(2)R gauge model '\li.th three fetmionic pre

ons and stated that it is possible that not only the left-handed quarks and leptons are 

composite but also the right-ha.nded are so on the condition that i\R/ AL is at least of 

the order of 3[11 ]. If CDF's data[12] truly indicates the compositeness of quarks , AL 

is presuma.bly aroulld l.6 Tev. As seen in Eq. (l1.a) the existence of composite VV R: 

ZR is predicted. As cOllcerning, the fact that they are not observed yet meallS thi1t 

the masses of vV R,ZR are larger than those of W L, ZL and that AR > i\L. O\\ing 

to ' tHooft·s anomaly matching condition the small mass nature of the 1st generarioll 

comparing to AL is gualTanteed but the evidence that the quark masses of the 2nd and 

the :3rd generatiolls become larger as the generation numbers increase seems to have 

nothing to do with the anoma ly matchillg mechanism in our model, because ,lS seell 

in Eq.(10,a.,b) these generations are obtained by just adding scalar y-partides. This 

is diflerent from Abott and Farhi's model in which all fermions of three gPlleratiollS 

are equally embedded in 5[1(12) global symmetry group and all members take part. in 

the altomaly mil.tching mechanism[8,27j . Concerning this, let us discuss a lirtle abolll 

subqUilrk dynamics illSide quarks. According to ::Uncertainty Principle" the radius of 

the composite panicle is, in general, roughly inverse proportional to the kinetic pn

ergy of the constituent particles moving inside it. The mdii of quat·ks may be dl"Ollnd 

1. AL .R . So the kinetic p.m~rgies of subqu<lrks lIlily be more than hundreds Gt-'\· illld 

tht->n it is considerd th,)X the IWlsses of qUiirks essentially depend Ull the kinetic: ellt->r

gies 0 f su bqlW rks ntId sllch d. large binding energy 11S counterbalclllcPs them. r\ s st->t->n 

ill Eq. (1O,11,b) our model shows tha.t the more the generation nllmber illcrp,1ses the 

more t1w number of the constituent particles increclses. So i1ssuming rhi1t the I"ildii 

of ill! qunrks do !lo t Villy so much(because we have 110 experime!ltal evidel\ces yet) . 
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the ititer8,ction length among subquarks inside quarks becomes shorter 8.S genemtioll 

numbers increase and accordingly the average kinetic energy per one subquark m8Y 

increase. Therefore integrating out the details of subquark dYIla.mics it cClud be said 

that the essential feature of increasing masses of the 2nd and the 3rd generations is 

simply because their masses are described as a increasing fun ction of the sum of the 

kinetic ene rges of constituent subquarks. From the Revew of Particles and Fields[30] 

we Call phenomenologically parametrize the mass spectrum of quarks and leptons ilS 

follows: 

AluQ 1.2 x 10-4 X (l02.05)n Gev for u, c,t, (14<.1.) 

MDQ 3.0 x 10-4 X (10139yn Gev for d, s ,b, (1-1h) 

AfDL 3.6 X 10-4 X (10 12:3)n Gev for € , p ,T, ( 1-:1c) 

where n = 1,2,:3 are the generation numbers. They seem to be a. geometricri.lti(}-like. 

The slopes of the up-quark sector and down-quark sector are different, so it seems that 

each has different aspects in subquark dynamics. From Eq.(l4) \ve obta.in Afu = B.6 

\1ev, AId = 7.:36 \1ev and :He = 6.15 j\lev. These are a little unrealistic compnred 

with the experiments [:30]. But considering the above discussions i),bout the ilnollwly 

matching conditions( Eq.(l2,l3)), it is natural that the masses of the membet·s of the 

1st genemtion are roughly equal to those of the subquarks, thnt is, a few :'vIev. The 

details of their mdSS value.s depend on the subquark dynamics owing to the effects 

of electromaglletic dnd color gauge interactions. These mechanism hds studied by 

\Veinberg [T3] and Fritzsch[:3-11. 

One of the expermental evidences inspiring the SM is the" universality" of the cou

pling strength iHnong the weak interclctions. Of course if the intermediate bosons are 

gauge fields , they couple to the matte r fields universally. But the inverse of this slate

ment is not always true, namely the quantitative equality of the couplitlg strength of 

the inteI'<'lc tions does not necessarily imply that the intermediate bosOtls are elementiltY 

gilUge bosolls. In pn1ctice the interactions of p and :.u <'Ire regarded c1S illdirect. IIl<lnifes

tM.ions of QCD. III Cdse of chiral SU(2) G SU('2) the pole domilliltlCe works very well 

and tile predictions of Clll'rellt algebra and PCAC seem to be fulfilled withitl dbout 

5<);'[201. Fritzsch i1tl<1 \Lllldelbilllm[9,20] and Ke)gerle r, Schild knecht ilIld GOllllilris['2~1 

lwve elnhorately discussed i1hout universi1lity of weak interactions appeilring ,1S i1 con

sequence of current dlgehra ilnd vV-pole dominilnce of the \\'r~ak spectral fllncriulls 

fl'om the stcllld point of composite model. Extracting the essentic11 points frum their 

i1 rguments we Shill! mention the followings. 
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In the first generation let the weak charged currents be written III terms of the 

subquark fields as : 

(15) 

where D- = (ax), D = (axx) and hI-' = 11-'(1 -,5), Further, let U and D belong to the 

doublet of the global weak isospin SU(2) group and W -'- , W- , 1/ J2(Z~ - Z~) be in 

the triplet awl 1/ J2(Z~ + Z~) be in the singlet of 5[,/(2) . These d p.scriptions seem to 

be natural if we refer the diagrams in Fig. (l) . The universality of the weak interactions 

are inherited from the uni\'ersal coupling strength of the algebra: of the global weak 

isospin 5C(2) group \\ith the il.5sumption of W-, Z-pole domina.nce. The universillity 

including the 2nd and the :3rd generations are investigated in the next section bi1sed 

on the above assulIlptions and in terms of the ftavor-mixings. 

Flavor-mixing by subquark dynamics 

The qllark-ftavor-mixings in the weilk interactions dre expressed by Cabbibo

KobiiYi1shi-\Iaskawa(CKM) matrix based on the SM. Its nine matrix elements(in Celse 

of three genera.tions) are free parameters and this point is said to be one of the dra\\'

bilck of the SM along with non-understanding of the origins of the quark-lepton mass 

spectrum and generations. In the Slv'I, the quark fields (lepton fields also) dre elemen

tary and then \\'e are able to investigate, at the utmost, the extemal relatiollship dmong 

them. On the other hand if quarks are the composites of substructure constituellts. the 

qUi1rk-ftm'or-mixing phenomena must be understood by the substructure dYll ilmics illld 

the values of CKM matrix elemellts become materials for studying these . Teraza\\'a 

11llel Akilma h,I\'e investigated quark-ftavor-mixings in it three spinoI' subqllark model 

\\'ith higher genel'<ltions of radially excited state of the Up(dO\\,ll) quark and staled thilt 

a ql\i1\'k-ftilvor-mixillg lllauix element is gi\'en by tUI over\ ilppillg illtegnll of t\\'(l \'iHli ill 

\\'i1\'e fllllc:tiollS of the sllbquarks which depends on the IIlOlllentulll trallsfer het\Hfll 

<lUilrks [29 ,:nJ. III our lTlodpl the que1.rk-ftavor-mixillgs occur by c:reutiollS or illlllihil;l

tions of "y"-pilrticles illsidt) qUMks[15J. The "y"-pMticle is i1 neutral scalM Sllhqll,llk 

c11!'lyillg 3 of hypprcolor charge illld thell couples to 1.\\'0 hypercolor glllom;(See Fig.(2)). 

Here w p shidl propose the importd.llt Clssllmptiol\ that" (y -y '2gh )-pTOcess 'i.s (Jppro.r

inwfel:y fuctori:::cd from ne! VV= e:rchange intemction:;' (See Fig. (:3)) alld let us wri t to> 

the c()llrrilllitioll ()f (y -y 2gh)-ProCpss to charged weilk illterclctiollS i15 : 

i = s,c,b,L ( Hi) 



where Ow is a rullning coupling constant of the hypercolor gauge theory, Q i is the effec

tive momentum of gh-exchange and B is a dimensionless" free" parameter origini1ted 

from < OIA'J1-A(and/ or, 80J1- 8) Iy > j < OIA'J1-A(andj or, 80J1-8) 10 >, because it is from 

the unknown preon dynamics. The weak charged currents of quarks can be described 

i1S the matrix elements of subquark currents \vhich are not weak eigenstates[29]. 

Using Eq.(10), (1S) and (16) we have : 

VuduhJ1-d < ulUhJ1-Dld >, (lla) 

Vus uhJ1-s < ulUhJ1-(Dy) Is >~< ulUhJ1-Dls > ·As) (lib) 

~':WuhJ1-b < ulUhJ1-(Dyy)lb >~< ulUhJ1-Dlb > .2A~, (lIe) 

l~dChJ1-d < cl(Uy)hJ1-(Dyy)ld >~< cl(Uy)hJ1-(Dy)ld > ·Ac ) (lid) 

V~chlls < cl(Uy)hJ1-(Dy) Is >, ( lie) 

VcbchJ1-b < cl (Uy)hJ1-(Dyy) Ib >~< cl(Uy)hJ1-(Dy)lb > .Ab ) (llf) 

\i;dthJ1-d < tl(Uyy)hJ1-Dld >~< tlChJ1-Dld > .2A;, (llg) 

\';sthlls < tl(Liyy)hJ1-(Dy) Is >~< tl(Uy)hJ1-(Dy) Is > ·At ) (llh) 

~'~bthJ1-b < tl (Uyy)hJ1-(Dyy) Ib >, (Iii) 

where ~';jS are CKj\jI-matricp..5 and {u, d, s, etc.} III the left sides of the equations 

Me their wei1k eigensti1tes. Here we need some explanations. In transitions from the 

:3n1 to the 1st generation ill Eq.(1I,c,g) there are two types of dii1gmms. One is that 

two (y ---;. 2g,,)-processes occur at the same time(Fig.(:3,c)) and the other is that y 

annihilates into 2g" in a ci1sci1de way ( Fig. (:3,d)). Then we can descri be i1S : 

--= 2 --= ')
~ 	 < ulD hJ1-Dlb > ·Ab + < ulD hJ1-Dlb > ·Ai: 

< ulUhJ1-Dlb > .2A~, (i8) 

which is in case of Eq. (11,C), amI Eq. (11,g) is also same (is this (here the phclse-diffprpncp 

betwPPll the 1st dnd the 2lld term is disregarded for simplicity). If we ildlllit tltp 

i1ssumptioll of factorizahility of (y ---;. 2g,J-process. it is llilt\lr-al that trlP Ulli\'Pl'Sillity 

of tllP !let \\·eak interactions clmong three generations ,1[P realized. The !let \\·ei.lk 

illtpU1CtiollS are essentially same i1S (u ---;. d)-transitiolls in Fig.(i). Tlwn we slwll 

nSSllme : 
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~ < elUhllDld >~< tlUhllDld >, ( 19a) 
~ < el(Uy)hll(Dy)ls >~< el(Cy)hll(Dy)lb >, 
~ < tl(Uy)hll(Dy)ls >, (19b) 

~ < tl(Uyy)hll(Dyy)lb > . ( 19c) 

In Eq.(19,b,c) y-particle.s are the spectators for the weak intemctions(See Fig.(3,b,e)). 

Further, concerning the weak eigenstates we can assume: 

(20) 

Using Eq.(16),(19,a.) and (20) we find: 

(21 ) 

Similarly we have: 

I\ '~dl / I l/~dl IAcl = O:w(Q~)2 . IBI, (22a) 

I\ ,'~b I / 11l~s I IAbl = O:W(Q~)2 . IBI, (22b) 

Il,~s I / 11l~s I IAtl = o:w(Q~f . IBI, (22c) 

__ c 1)I\:~!J I / I V~d I 21Abl2 = 2{OW(Q~)2 'IBI}2, (')') '

2IV;d I:' I\'~d I 21.4t1 = 2{o:w(Qn 2 
. IBIF· (22e) 

Concerning OW(Q2) \\"8 know the following equation: 

l / o:w(Q~) + b2ln(Ql / Q2)2, (2:~il) 

l'(.:11T){22/ 3 - (2,/:3) ·.vf - (1 / 12) . .vs } , (2:~b) 

wlwre _Yf and S s (Ire the numbers of fermions and scalars cOlltributing to the \',lClllllTl 

polarizations. The Eq.(23,a) is rewritten as : 

Here let us iIl\'estigate the sllbstrllctue dynamics inside quarks referring the ahovp eqllil

tiOllS. ill our compositp mudel qUilrks aTe compospd of o,x,y. COllc retp!y from Eq.( lll) 

C-qllilTk is composed of three sllbqlli:lrks: t-qUilI'k : fOllr subqwll'ks: s-qllad..:s : fOllr sllh

qllclrks : b-quark : five sllilql\(lrks. From the discussiolls ill Sec. (:3) , let the qUilrk ItlClSS 

be proportiOllill to the sum of the average kinetic energies of the subqua.rks(delloted 

by < T, > , ;, = s, c, b, t). The pl'OportioIlill constdlltS may be nssumed common ill 

1.) 



the up(down)-quark sector and different betv.:een the up- and the down-quark sector 

referring the discussions in Sec.(3). Then we denote them by Ks (8 = 'Up, dotcn). The 

< Ti > may be assumed to be inverse proportional to the average interactioll lellgth 

among subquarks (denoted by < Ti ». Further , it is presumable that Qi ( the effective 

momentum of gh-exchange in Eq.(16)) is inverse proportional to < Ti >. 
Then we have: 

,")Kdo-um < Tb > / (4KckJW71 < Ts » = (5/ 4). « Ts > ,I < rb » 


(5/ 4) . (Qb/Qs), (25cl,) 


4Kup < Tt > ,I (:3 K up < L :» = (4/:3) . « Tc > ! < Tt » 


(4/ 3) . (Qt! Qc), (25b) 


where :\1is are the mclsses of i-quarks. In the Revew of Particle Physics[:30] we find: 

Afb/Afs = 30 ± 15 and :\It / J,/c = 135 ± :35, using which we get by Eq.(2S) 

Qb,lQs ~ 24,0, (26n.) 

Qd Qc ~ 101.0, (26b) 

:\otice ag8in that it seems to be meaningless to estimate Qs / Qt or Qc/Qb hecilUse 

the ur>-quclrk sector 8nd the down-quark sector possibly have the different clspects of 

substructre dynamics. 

The clbsolute values of CKM-matrix elements: IVij ls clre "experimentally" COtl

firrned[30] 8S : 

I"~dl 0.9736 ± 0.0010, IV~ I = 0.2205 ± 0.0018 

I\:~dl 0.22.:1 ± 0.016, lV~b l = 0.0.:11 ±0.003, (27) 

I,/~s I 1.01 ± 0.18 IV~bl / IV~bl = 0.08 ± 0,02, 

Relatillg these dil.ta to the scheme of our composite model, we shil.ll investigil.te the 

q llclTk- AclYO!'- mixi ng phellomellcl ill terms of the substruct me dYllcl mics. Using Eq, (2l) . 

(')') 1 ) 1 11 " I 11 .' I ' E (.)~) . .~~: ) aile I'u., : I' eb III q. ~I ,\e get. 

(28) 

where we i1ssume I\ ' ~I 

Eq.(2:3 ,b) we have: 
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Inserting the values of Eq.(26,a), (28) and (29) into Eq.(24) we have: 

(0) 

where Q,,(Qb) corresponds to QdQ2) in Eq.(24). Combining IV"sl, IV"dl in Eq.(27) 

and Eq.(:30) with Eq.(21) we obtain: 

IBI = 0.629, (:31 ) 

and using Eq.(30) to Eq.(28) we get: 

o'W(Q~) = 0.259. 

By use of IVcdl in Eq.(27) and Eq.(31) to Eq.(22,a) we have: 

o'W(Q~) = 0.605. (3:3) 

Using Eq.(2:3,a) with Eq.(26,b), (29) and (33) we obtain: 

Cit(Q~) = 0.207. (34) 

Inserting Eq.(31) , (:32) to the right side of Eq.(22,d) we have I\/ubl = 0.00345 . 

Comparing this with the experimental value of IV:WI = 0.003±0.001(obta.ined from the 

values of IVd,1 and IVub li lV~bl in Eq.(27)), the consistency between the prediction and 

the experimellt seems good. 

Finally using Eq.(31), (34) to Eq.(22,c,e) we predict: 

\\'here we use IV~dl = 0.97:36, IV~.s1 = 0.9743[:30]. Comparing them to W;s l = [).0-10 ± 
0.006 aIId IV;dl = 0.000 ± 0.005[:30] obtained by assuming the three gelleratiolts \\'ith 

l.ltlit(1rity, \\"e nnd th(1t the formers are smaller by a factor than the latters . \Ve wish tlw 

direct me(1surements of (t -'; d, 8) transitions in leptonic clnd/or semileptonic decclys of 

top-qua rk mpSOllS . 

Summary and Discussion 

Thp llloti\'ntioll of om composite model is illspired by the studies ahollt the g,HlgP 

mecllilnisms by which fOll!" interacting for'ces are commonly controlled. \"(1l11ply: all 

giHlge nplds ,)["e CHt(111 COllnectiollS equipped with" Soldering \[echclllislll·'. III cnse of 
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the electrornagnetic gauge field, its gauge symmetry group C(including the habitucll 

U(l) gauge symmetry) is SL(2, C) with six generators, which leads that the rninimal 

electric charge is 110:/ 61. The fact that the charges of V,- and d- quark and electron(12E:/:31, 

I - e/31, lei) are larger tha,n le/61 naturally induce the concept of compositeness of 

quarks alld leptons. ' Following Pati and Salam's investigation we choose the FB

model(preons are both fermionic and bosonic). Further, learning Hung <md Sakurai's 

and Bjorken's thought of the alternative to spontaneous broken unified gil.Uge theories 

we adopt the idea that the weak interactions at 100v energies are remnants of the 

spontaneous unbroken confining forces governing the substructure dynamics of quarks 

and leptons; W- and Z-bOSOllS are also composites of the preons. As the fundamental 

confining ga,uge symmetry we choose SU(2)L 12) SU(2) R gauge symmetry, which is not 

the ad hoc assumption but induced from the concept of Caftan connection, that is, 

SU(2) 12) SU(2) is loc811y isomorphic to SO(4) which takes part in constructing the 

homogeneous space: F = SO(5)/ SO(4). The preons as the elementary matter fields 

are only one kind of fermion(i\) and scalar (8), both of which hclve same Y.\I charges 

(:3,2 , 2) of 5 U (:3)c 12) S C (2) L 12) S U (2) R and the electric charge" e,!6". Following Hal'ari 

and Seiberg's idea the higher generatiotls are constructed by adding sCillar y-pilrticles 

\\ithout introducing any more freedoms and just this mech8nism expl8ins the fi8\'or

mixing phenomena. \'8mely, the atltlihilations of y-particles into t\\"(') hypercolor gluolls 

occur coincidentally \\·jth the composite VV- boson exchange. 

Here let us discuss some points. In the stage of this 8rticie, the unific8tion of 

gauge fields 8re lIot considered , In f8ct the insouciant extrapol8tions of the runnllllg 

coup ling constilnts to the energy of 1019 Ce\' show thill Ow = O.O.::lO ilnd Os = O.017( 

nonnalized o~ = 0.12 8t 102 Cev) and then they helve no crossillg point. But it seems 

to be dangerolls to require the matchillg of them 8S the CUT scenario does ill which 

quarks ilnd leptolls are the elementary fields, because if we tilke a stand puillt of the 

composite model we hil\'e too few illformations in the energy rallge of 102 Gev to 10 19 

Cev to understand the dYlIamics of that energy r8l1ge. If we pursue the uninca tioll 

0[' the giHlge sYllllnetries, sllch gauge gl'OUp mllst contilill 50(1.4), 5C(:3) , 5L(2,C), 

dnd 50(5). The suhqllilrk "y"s which are respollsible for constrllcting the highpl' 

ge!leriltiuns cMries tllp hypel'colorcllarge 8nd then (b ----+ s,)-process Cilnnot OCCllr ill 

the subquilrk le\'el. The (I', ----+ q)-process (llso Cilllnot. As for the leptuttic Hil\"(Jl"

lllixillgS, they dre !lot essentially inhibited but it may he presulTlilble tlwt the lppt()llic: 

size is so s[l\(lll tha.t (y ----+ 2gh )-process coud hardly occur because the efFective Ow is 

very small. In our lTlodel the existellce of the 4th genenltion is, ill kind. llot inhibited 
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because the generation-making mechanism is just to add "y"-subquorks. In fact, if the 

experimental evidence of 1-([Vu.d [2 + [Vus[2 + Wub[2)=0.0017 ± 0.001.) at the 10" level is 

taken seriously[31J, the possibility of the 4th generation is not to be said nothing[:32 ]. 

But whether the 4th generation really exists or not may depend on the details of the 

substructue dynamics; that is, the possibility of the existence of the dynamical stable 

state.5 \\ith the addition of three "y"-subquorks : nanmely, whether the sum of the 

kinetic energies of the constit uent subquorks. may balance to the binding energy to 

form the stable states ; or not. If the non-existence of the 4th generation is fini.llly 

confirllled, that fact will offer one of the clue to solve the substructure dynamics. 

Referring Eq.(14), it predicts Alb' ~ 110 Gev and JV!T' ~ 30 Gev for n = 4. 
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Figure Caption 

Fig.(l) Subquark line-diil.grams of the weak intemctions. 


Fig.(2) (y ~ 2gh)-process, gh is a SU(2) triplet gluon. 


Fig. (3) Schematic pictures of the charged \veak interilctions. 


(a),(b),(c) and (d) are flavor-mixing interactions . . 

(e) is a flavor-non-mLxing interilctions . 
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