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We consider a simple Lagmngian which is constructed by only the preon and 
antipreon fields. By introducing the auxiliary fields ~b~, ~b~, and q%, it is shown 
that ~b~, ~b~, and q~. correspond to the electroweak gauge bosons W~, W~, and 
W~, respectively, which are composite particles of preons and antipreons. 

I .  I N T R O D U C T I O N  

We have considered a preon model of  quarks and leptons in which 
preons and antipreons construct the SU(2) doublet (Sugita et aL, 1991, 
1992a,b, 1994a,b; Okamoto et al., 1992a, b, 1995). It was shown that CP is 
violated in only the first family of quarks and leptons. 

To account for CP violation in the first family, we have considered a 
preon ((a)) with spin 1/2 and electric charge 1/2, a preon ((/)) with spin 
1/2 and electric charge - 1 ,  and a preon ((qi)) with spin 1/2 and electric 
charge - 1/3 having colors of  i = R, G, B. Then the first family of  leptons 
and quarks is written as 

eR = (a~PaRlR) 

u m =  (aRaRqm), diR = (a~PaRqiR) 
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where the subscripts L and R denote left- and right-handed particles, respec- 
tively, and a~ p means the left-handed particle operated on by charge conjuga- 
tion C and then parity transformation P, namely 

a~ p -- ~/~176 �89 - ~/5)a* (1) 

From this model, we can account for CP violation. The Lagrangian 
describing the electroweak interactions is written as 

where X is the weak-isospin doublet, g is the coupling constant, W~ are three 
gauge fields of SU(2)L, and "r/2 are generators of SU(2)L. 

Now consider the following weak isospin doublet: 

X = (aL Aa~P) r (3) 

where the superscript T means transposed, and A is a matrix. To satisfy the 
SU(2)L gauge symmetry, the matrix A must satisfy the condition (Sugita et 
al., 1994a) 

A C A * C  = -14  (4) 

where/4 is a 4 • 4 unit matrix. If A = M~/~ and M is a Lorentz scalar, 
equation (2) is invariant under the Lorentz transformation. Then using M, 
we can rewrite equation (4) as 

,~tM* = -14 (5) 

where M means that ~/5, ~/~, and o "~ are replaced by -~/5, -~/"*, and - o  -~v*, 
respectively, in M. Here o-~v is defined as (i/2)[~/~, 7~]. If the matrix M 
satisfies (5), the SU(2) and the Lorentz invariances hold. For example, we 
can choose exp[id~/~]~/5, exp[id~/5o-~]~/5, and exp[it~"/5o'K~F]~/5 as the 
matrix M. Here de is a real vector in Minkowski space and independent 
of space. 

In a previous paper (Okamoto et al., 1995), as an example, we considered 
the matrix 

A = M~/~ 

= exp[id~/~]~/5~/~ (6) 

and showed direct CP violation in [3-decay of the nucleon satisfying both 
the SU(2) and Lorentz invariances. That is, Hermite conjugation of the preon 
tensor T ~  ~ is written as 

T(preon)t - I -2 sin2d Tr(l(td~7~,7o,yflt,%doTO~10�89 ~/5)) (7) ~v - ~-d 
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On the other hand, T~mon>cp is written as ~lJ.v 

T(preon)cp = t d - 2  sin2d Tr(/ftd,~,~/03,/~,%do~/p,3,0�89 1 _ ~/s)) (8) 

The difference between (7) and (8) is that the dagger * operates on % and 
%. Thus, we obtain --p.vT(pre~ ~ --t.LvT(pre~ and we can show direct CP violation 
in 13-decay of the nucleon satisfying both the SU(2) and Lorentz invariances. 

Thus, based on the preon model, we could explain CP violation in the 
first family of quarks and leptons by considering 13-decay of the nucleon. In 
the following, we consider the gauge bosons composed of preons and antipre- 
ons by introducing auxiliary fields. 

2. COMPOSITE MODEL OF GAUGE BOSONS 

The preon aL and antipreon a~ p contribute to the SU(2) doublet in electro- 
weak interactions. Therefore, the gauge bosons W~, Wff, and W 3 derived 
from the SU(2) gauge symmetry are constructed from the preon aL and 
antipreon a~ p. 

Consider the simple Lagrangian describing the preon fields, 

L = Lff~ + Lint (9) 

where 

Lfree = ff~L ~l~iO~as + acL'~l~t~a~P 

Li,t = h{(-~LV~at,)(a~P'y~a~ ") + (a~V'Y~aL)(-ff~L'y~a~V)} (10) 

Here k is a coupling constant of four-Fermi interactions. This Lagrangian is 
fundamental, since it is constructed from the preon field aL and antipreon 
field a~ t'. For simplicity, we consider A = 1 in (3). The following calculation 
is valid for the case including A. The generating functional Z without external 
fields is represented by the path integral by 

Z = f DaCP Daexpi  f d4x[Lfree + Lint] (11) 

Introducing the auxiliary fields ~b~, d~t~, ~p~, and q~P, we rewrite the term 
Lint in equation (11) as 

i I dax Lint exp 

=lfDcb*D*expifd4x[-m%~*~] 

exp i ~ d4x x{(~l~aD(-d~v~a~ p) + (a'-~v~aD(~%a~p)} (12) • 
.) 
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where 

K=-fDt~tDdoexpild4x[-m2do~dp~] 

N ----- I Dq~Cp Dq~ exp i l dax [-Ixzq~Pq~r (13) 

Furthermore, we carry out the transformation of integral variables in the form 

dp'~ = ~ - v/~m (a-~LP'y~aL)' ~'~* = ~ -- x/~m (-dZ'Y'aLP) (14) 

tp'~ = q~ - x/~ (ffLL'y~aL), q~'a = q~P -- x/r-s (-d~,y~a~p) 
p~ ix 

Here the path integral measure is invariant under this transformation. Thus 
we obtain 

exp i f d4x Lint - l f Ddpt Ddp DtoCp Dq~ exp i f d4x (15) 

where 

Laint = --m2{dP~ -- x/~ (~LL~lv'acLP)}{ dp~ - x//~ (~Lp~IILOL) m 

-ix2{q~P---~(-d-~P,y~,aCLP)}{q?'---V~h(-d-ZL,y~aL) } 

+ h {(-dZ'y~aL)(a~P'y~a~ p) + (a~P~l~aL)(-dZ'yr p) } 

= _m2+~dOr _ ~2q~q~r + mv/-s162 + ~b~(h-~Lp~/r } (16) 

+ ixx/h{(a"~LP'Yr162 + q~(B-~L~/r 

From the above, the generating functional is written as 

1 f OaCp Do Odp' Odp D(p cp Dq~ expi f d4x Z - K .  N LA (17) 

where the Lagrangian LA includes all auxiliary fields and is written as 

L a : -dZ,y~iO~aL + a---~LP,Y~'iO~a ? -- mZ+~d~r - ~ L 2 q ) C p q ) l  x 

+ my~h{ (-~L'y~a~P)~b ~ + +~(h-~LP~/~a~)} 

+ ~ , /~{(~ ,a~) ,~  + ,~y(~'~)) (18) 
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From this, we average each auxiliary field. Thus we obtain (~b~) as 

(~b~) - K!N f Da~P Da D~+ D~ Dq:P Dq~ ~ exp i f d4X LA 

_ ! t 

m 

X exp i I d4xLa 

- K.N1 1 Da~? Da D~ '+ Dd~' D~p '~? D~p' 

X exp[i f d4x (--m2*'~tt~'' - p,2~P~'~)] 

= ~mhfDaCpOa(a--~,y,aDexpild4x[Lf,~+Li.t] 

- x/h ((-~'y~aL)) 
m 

(19) 

Similarly, we obtain 

(qbt~) = ~ ((i~-s (20) 
m 

(q%) = ~ ((i~ZL'y..a~)) (21) 
Ix 

= - -  ( ( a  L "~ll~aL )) (22) ix 
Thus, we can see that each auxiliary field is a composite field of preons. 
Now, we shall examine the interaction term in the Lagrangian LA. First, the 
term mv/-h(~/"a~P)~ is interpreted as the interaction term describing the 
phenomenon in which the preon a'LP absorbs the auxiliary vector field ~b~ at 
the coupling constant m,f~ and changes to the preon aL. Thus, ~b, corresponds 
to a charged gauge boson W~ in the preon model. Similarly, ~b~ corresponds 
to a charged gauge boson W~. Next, the term Ixv/h(a--~'y"a~P)q~ means that 
the preon a~ p absorbs the auxiliary vector field q% at a coupling constant 
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p,x/~. Thus, q~r corresponds to a neutral gauge boson W 3 in the preon model. 
From the definition, we obtain q0~P = -q~r Thus, tp~P corresponds to a neutral 
gauge boson - W 3~. 

Finally, it is concluded that the auxiliary vector fields dp~, ~b~, and q~, 
representing the composite preon field correspond to the gauge bosons 
W~, W~, and W 3, respectively, in electroweak interactions. This is summa- 
rized as follows: 

(W~) = v/~ ((h-~rP~/~aL)) 
m 

m 

(23) 

(24) 

(25) 

3. SU(2) GAUGE SYMMETRY 

In the following, we shall show that the term LA-M minus the mass term 
in the Lagrangian LA has exactly the SU(2) gauge symmetry. The Lagrangian 
LA-M is written as 

LA_  M = iT-s + aCLP~l~iSt~a~ p 

+ mx/~{ (~--s ~ + d~(h-~rP~/~ar)} 

+ ~x/~{(~PLP~/pa~P)t.pP" + tp~(i~L~P'aL)} 

= i~L~l~iO~aL + a~P~l~iO~acLP 

+ mv/-h{ (~l~aCL~')W +~ + W~ (a--~l~ar) } 

ce 3~ + I~x/~{(a L ~/~at. )W - W3~(i~-s (26) 

Here, replacing - W  -+~ by W +-~ and putting 

m v / ~ -  g _ g  - ~ ,  p.v/-h - ~  (27) 

we obtain 

LA-M = ~'s + aCLP~l~iO~acLP 

_ g_ {(i~t~/~a~p)x/~W+~ + x/~W~(h-~LP~/~ac)} 
2 

g {(i~L,y~aL)W3~- W3~(a-~LP,Y~a~p)} 
2 
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= ar~L~lr + acp-~ia acp 
~ L  ~ " v P ' ~ L  

cp + -~LpT~(aLv/~W; q, 3 g { ~ v ~ ( a L  W 3  + a L ,J-2W~) + - a L W~,)} 
2 

= i~L31~iO~aL + a~P'y~iO~acL p 

~PLP)V ~ _.~_ (28) 

Here we put Wff = (l/,f2)(W~ ~ iWZ~) and X = (aL a~") r. Finally, we obtain 

LA_M = ~ l~( iO~  -- g "t" (29) 

Equation (29) is quite the same as equation (2). Therefore, equation (29) 
satisfies the SU(2) gauge symmetry. 

From equations (23)-(25), we considered that the electroweak gauge 
bosons are composite fields of preons and antipreons. Then we showed 
that the electroweak interaction Lagrangian (29) satisfying the SU(2) gauge 
symmetry is derived from the fundamental Lagrangian (9) describing only 
the preon and antipreon fields. This shows the validity of the composite 
model of the gauge bosons. 

4. CONCLUSIONS 

We have considered the fundamental Lagrangian describing the preon 
and antipreon fields. Furthermore, we have considered a composite model 
of electroweak gauge bosons using the auxiliary field method. We concluded 
that the auxiliary vector fields representing the preon fields ~b~, d~, and q~ 
correspond to the electroweak gauge bosons W~, W~,, and W 3, respectively. 

From the interaction Lagrangian for the gauge bosons and the preons, 
we obtain the electroweak interaction Lagrangian which is invariant under 
the SU(2) gauge transformation. This shows the validity of the composite 
model of the gauge bosons constructed by the preon and antipreon. 
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