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Some of the relevant mathematics of 0(5) x U(1) electroweak gauge theory is 
briefly sketched. The 0(5) x U(1) model is presented. To facilitate the discussion 
of CP violation in K decays, the relevant Lagrangian is given in several alternative 
forms. It is shown that in the CP-violating part of the Lagrangian, by a redefinition 
of quark phases, the coupling of the CP eigenstates K~ and K 2 cannot be broken. 
However, if the Cabibbo angle were not present, the states K~ and K 2 would 
decouple and the theory would become CP-invariant. Such a result was also 
reported by Deshpande et al., working with a different formalism. Relating the 
mixing parameters 0 and ~b to the parameters e~ and e2, it is shown that when 
e~ = e: = e, e reduces to the usual CP-violating and CPT-conserving parameter. 

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

The  K ~ a n d  /~o m e s o n s  are charge  con juga t e s  of  one  a n o t h e r  a n d  
possess  s t r angenes s  +1  a n d  - 1 ,  respect ively .  Howeve r ,  they  do no t  have  
def in i te  l i fe t imes  for  w e a k  decay ,  n o r  do  they  have  a n y  def in i te  masses .  

S ince  the  w e a k  i n t e r a c t i o n s  do n o t  conse rve  s t r angeness ,  there  exist  two 
l i n e a r  c o m b i n a t i o n s  o f  the  states IK ~ a n d  [/~0), n a m e l y  [K ~ a n d  ]K~ 

w h i c h  have  def in i te  masses  a n d  l i fet imes.  The  shor t - l ived  K ~ m e s o n  decays  
in to  two p r e d o m i n a n t  m o d e s  7r+~r - a n d  o . o ,  each  wi th  the  C P  e i g e n v a l u e  

+1 ,  whe reas  the  l ong - l i ved  K ~ m e s o n  has  a m o n g  its decay  m o d e s  7r+Tr-~r ~ 

a n d  :r~176 ~ wh ich  are e igens ta tes  o f  C P  with  the  e i g e n v a l u e  - 1 .  S ince  
wi th  the  c o n v e n t i o n a l  cho ice  o f  phase  we can  wri te  

C P [ K  ~ = - I/s ~ C P [ I ( ~  = - ] K  ~ (1) 
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we have 

1 
IK~ ~ = ~  (IK~ I/~~ 

1 o 
I K ~  ( [ K ) -  I/~~ 

CpIK ~ = -]K~ 

CPIK ~ ) = +iK ~ 

(2) 

where [K ~ and ]K ~ are defined in (2). However, Christenson et aL (1964) 
observed that there is a small but finite probability for the decay K ~ ~-+ ~r-, 
in which the final state has the CP eigenvalue +1. Thus, we cannot identify 
K ~  K ~ and K ~ s with K ~ In fact, different mixings of K ~ and K ~ 
correspond to K ~ and K ~ s, see equations (40) and (41). 

Since its discovery, several attempts have been made to explain the CP 
violation in K decays (e.g., Chau, 1983; Frrre, 1985; Grimus, 1987; 
Donoghue et al., 1987; Ecker, 1987). However, none of the theories put 
forward so far is regarded as an acceptable one and thus CP violation still 
remains a mystery. 

Another outstanding mystery of weak interaction physics is the 
existence of the Cabibbo angle (Cabibbo, 1963), tieing together many 
otherwise fragmentary empirical peculiarities of the theory, a good descrip- 
tion of which is given by Commins (1973). The Cabibbo angle is an essential 
ingredient of the weak interaction theory and is an empirical parameter 
introduced by Cabibbo still awaiting explanation in terms of more funda- 
mental quantities. 

It is the purpose of this paper to trace a possible relation between the 
existence of the Cabibbo angle and the CP noninvariance in K decays. A 
proper framework for such an investigation is a unified gauge model. In 
this work we employ the 0(5)•  U(1) electroweak gauge theory and find 
that the existence of the Cabibbo angle forms a necessary condition for the 
CP violation in K decays. 

Regarding the 0(5) x U(1) electroweak gauge theory, it suffices to say 
that the group 0(5) is anomaly-free and economical in the number of gauge 
bosons that we associate with each of its generators. We have assigned the 
left-handed quarks QL r =  (u, de, sc, C)L to the four-dimensional spinorial 
representation of the group O(5), whereas the right-handed particles are 
taken to be the singlets of the group where d~ and s~ are the Cabibbo rotated 
quarks defined in equation (15), The theory has three sets of gauge bosons: 
(1) analogs of the Glashow (1961), Weinberg (1967), and Salam (1968) 
(GWS) model, and additional (2) charged and (3) neutral gauge bosons as 
compared to the GWS model. 

Section 2 briefly sketches the relevant mathematics. Section 3 discusses 
the 0(5)x  U(1) model. Section 4 establishes our main thesis and Section 
5 discusses the results. 
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2. THE RELEVANT MATHEMATICS 

To set our notation and indicate the particular representation used in 
this work, we briefly sketch some of the relevant mathematics. The method 
of  constructing the spinorial representations in higher dimensions for rota- 
tion groups is discussed by Brauer and Weyl (1935). Following their method, 
we construct the four-dimensional spinorial representations of the five- 
dimensional rotation group 0(5).  We take a set of five 4 x 4  Hermitian 
anticommuting matrices Fa: 

t Fa - Fa, {Fa, Fb} = 26~b, a, b = 1, . . . ,  5 (3) 

and 

r l  : O.~I) X O-~2), r2 :~I~(I) ~,2v ~(2), F3 : O-~l) x l  

F4 = O-~') x o'~2), Fs = O-(2') x 1 (4) 

The superscripts (1) and (2) refer to two distinct sets of Pauli matrices; the 
symbol x stands for their direct product; and 1 stands for the 2 x 2 unit 
matrix. The generators are given by 

Fab=-�89 a # b  (5) 

The restriction is imposed due to the antisymmetry of Fab. Explicitly the 
matrices read 

FI___( O 
o.l 

 4:(L 
The generators 

0), 
O- 3 

!{~1 o ) 
F 1 5 = 2 \  0 -0"  1 ' 

0) 
0 -- 0" 3 

;1), (L 
(o 

0 Fs=  
' i x l  

are given as follows: 

(6) 
- iX l )o  

'o1) o) 
\ - io.1 ' 0 - o'2 

(7) 
F34=�89 -io-3~0 J '  F35=�89 ; 1 )  

The generators satisfy the following commutation relation: 

[ Fab, Fed] = i( 6acFbd -- 6bcFad + 6bdFac -- 6~dFbc) 

forming the corresponding Lie algebra. 

(8) 
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For our purposes it is convenient to consider the algebra in a different 
basis 

{F~, F4s, FT}, i = 1, 2, 3 (9) 

defined as 

F1 = F23, 

f ~  = = E l 4  ::k iFx5, 

among the above set of 
Using equation (8), 

can be established: 

[FT, FT] = 5:2845 

[F45, F~:] = • 

[F45 , F,] = 0 

F2 = F~3, /:3 = F12 (10) 

F2:  = F24 -'I'- iF25 , F3 = F34• iF35 (11) 

generators. 
in particular, the following commutation relations 

(i not summed) 
(12) 

(13) 

(14) 

From equations (12) and (14) we see that for every value of i( = 1, 2, 3) the 
set of generators {F45, F~} and {F~} form Su(2) subalgebras. Since the 
charge operator in equation (16) is defined using the generator F45, equations 
(12) and (13) indicate that the generators F~ and F~ are the eigenvectors 
of the charge operator with the eigenvalues 0 and • 1; the charge is invariant 
under the group 0(5) and eventually under the larger group 0(5) and U(1). 

3. THE O(5)x U(1) MODEL 

As we are seeking a relation between the Cabibbo angle and the CP 
violation in K decays, it is sufficient to use the simplest relation in which 
the Cabibbo angle enters. From the Kobayashi and Maskawa (1973) matrix, 
it is easily seen that such a relation involves only four flavors, namely u, d, 
s, c. Accordingly, in the present work we develop the theory in terms of 
only these flavors and employ the four-dimensional spinorial representation 
of the group O(5), to which the left-handed quark multiplet Q [ =  
(u, de, so, c)L is assigned, whereas the right-handed particles uR, dR, sn, cn 
are taken to be the singlets of the group, where dc and sc are the Cabibbo 
rotated quarks and are given by the relations (Oc is the Cabibbo angle) 

dc = cos 0~ d +sin  Ocs, Sc = - s in  0c d +cos OcS (15) 

In this model we have ten gauge fields W~j(i < j  = 1 . . . . .  5) and a singlet 
vector gauge field transforming as the 0(5) and U(I) generators, respec- 
tively. We give in Table I the eigenvalues of the operators F45 and Fo along 
with their charges for the flavors u, d, s, c. 
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Table I. The Relevant Quantum Numbers of u, d, s, 
and c 

Quarks 

UL, R dL, R SL, R CL, R 

Q ~ _! _! 
3 3 3 

~ ~,o -�89 -Lo �89 
3~3 

The eigenvalue Y45 of the operator F45 is taken to be zero for the 
right-handed particles UR, dR, SR, and CR, since they are the singlets and 
do not belong to the four-dimensional representation of the group 0(5) .  
In terms of  the 0(5)  x U(1) generators the charge operator is given as 

Q= F45+1Fo (16) 

Because of  (10) and (11), it is possible to define a basis for the gauge bosons 
such that in the Lagrangian (22) certain combinations of the gauge fields, 
for instance, (l/x/2)( 24 . 25 t W~ ), can Wu + be universally coupled to the charged 
currents tTy ~ �9 �89 + y5)d and gy~. �89 + yS)s rather than the separate ones 
W~ and W~ 5. We define 

Fc = F12, Fo = F13, F~ = F23, FF = F45 
(17) 

F• _ 1 _  • 1 ~ • 1 • u-x/~F~, Fv=~F3,  Fw=~F2 

The corresponding basis for the gauge fields is taken as 
C.  = W~ 2 , D r = W 13 , E/x = W~ 3, F .  = W 45 

i i 
= w~ :F ~w~ ) (18) W l .  ~ : : : ~ l W p . ) ,  V l z : 2 ~ . ~ (  34 . 35 U / z  _ ] _ ~ (  1 4 . 1 5  

• 1 24 - 25 W~ = ~ ( W~ 7: z W,, ) 

Denoting the gauge couplings for the groups 0(5) by g and for U(1) by 
�89 we express the couplings of the fermion currents (~ representing the 
quark fields) to the gauge bosons [with a defined as the Dirac conjugate 
of a and the abbreviations aL =�89 + yS)a, aR =�89 y5)a, and ay% 
a y " .  �89 + y5)b] by the following interaction Lagrangian: 

L~nt=g E (~L'Y'FoWu~bL) 
i< j  
1 r 1 - p~ 0 +~g [g(u~y W~uL+d~y~W~ 

+ ~ , ~ w  ~ s, + 4 ~ w  ~ c,) 
+ ( & ~ ' 4 W ~ 1 7 6 1 7 6  (19) 
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Furthermore, defining 

J~,(em) = (2 tiyp-u -�89 -�89 + 2 eyp-c) (20) 

Jp-,L = (aL 3'P-UL-- dL 3'"alL -- ,~L 7~SL + eL 7%L) (21) 

we can write the interaction Lagrangian as 

Lint -- W~,~ J~(em)+ l(gF~ - g'W~ 

+ �89 gCp- ( fiL "y'UL -- d~L "Y"d~L + g~L YP-&L - es "y'CL) 

+ �89 giD, (f~L rp-CL + dcL TP-ScL -- g~t 3/'dcL -- eL yp-UL) 

+ �89 gEp- (fit yp-CL -- dcL Y'S~L -- g~L "Y'd~L + eL 7P-UL) 

1 
+ ~ g U S ( a L  ~'"ScL - C\ ~/P-d~L) + H.C. 

1 + 
+ - ~  gWp-( ftL')'p-d~L + eL T'S~L) + S.C. (22) 

Inserting the relations (15) for the Cabibbo rotated quarks and defining 
and C~ by the equations 

Ep- = cos 20c Ep- +sin 20c Cp- 
(23) 

Cp- = - s in  20c Ep- + cos 20c Cp- 

we can recast (22) as 

Lint=g,WOSp-(em)+l(gFp- , o  - g  Wp-)Jp-,L 

+ ~ gCp- ( a J ' u L  - e j %  ) 

+ �89 g i D p -  ( a L y P'e L - -  e L 'yp-UL) 

+ �89 gEp- (f~L yp-CL + eL yp-UL) 

- �89 g ~  (d\  ~ ,% + gL ~,P-dL) + ~ giDp- (dL ~ %  - gL ~,~aL) 

1 
+ - ~  g U + (aL TP-S~L -- eL yp-dcL) + H.c. 

1 + - / ~  

"q-"~ gVP-(UL T ScL + CL'YP-dcL) + H.C. 

1 + - p- 
+ ~  gWp-(UL y eeL+ eL y~ScL) + H.C. (24) 

Samiullah 
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From equation (23) we see that E~ is defined as a linear combination of 
Er(--- W23), Cr(--- W12), and Dr(--- W13), which transform as the 0(5) 
generators F23, F12, and /713, respectively. Also, from equation (14) we 
know that these are the generators of the SU(2) group. Hence, introducing 
angles 0 and ~b and defining D~ and E~ as the SU(2) transformed states 
by the relations 

E r = cos(O/2)E'~ - e -i~ sin(O/2)D'~ 
(25) 

D r = e "~ sin(O/2)E" + cos(O/2)D'~ 

and inserting them for E r and D~, in equation (24), it reduces to 

Lint=g, WOjr(em)+�89 , o  - g Wr)Jr,L 

+ �89 g C r  ( UL ~/rUL -- CL Y'~CL) "~ 1 g i D  r ( i l l  ~/rCL -- CL ~/P'UL) 

+ a gE,, ( aL 3'r CL + eL 3,ruD + �89 ( gL 3,r SL-- dz yr  dL) 

_ ~gErl ,[Cos(O/Z)(dLyrSL+gLy,dL) 

+ e ~ sin(O/Z)i(SLyrdL -- dLyrSL) 

_~- .n '  r_ . - i 6  sin(O/2)(dL y~SL + gL yrdL) 2 ,N't"" r L r., 

+ cos(0/2) i(gL y~'dL -- dL y"SL) 

1 
+ - r - "-}--~ g U ~ ( U L "  Y S c L -  CL 3;"dcL ) "Jr H . C .  

1 + - l,Z + ~  gV~(Ucy S~L + eLyrdcL) + H.C. 

1 
+ - ~  gW~ ( aL yrd~L + CL )'"S~L) + H.C. (26) 

It may be remarked that equations (22) and (23) are equivalent expressions 
and (26) is obtained by the introduction of additional parameters 0 and ~b. 
These equations are given here for our later discussion of CP violation in 
Section 4. To establish a relation between the masses of the additional gauge 
bosons, we work out their mass Lagrangian, which in turn requires the 
spontaneous symmetry breaking of the Lagrangian (22) up to the SU(2) • 
U(1) level. 

To achieve this objective, following Li (1974), we break the symmetry 
down to SU(2) x U(1) in two steps. We introduce two Higgs scalar multi- 
plets ~ and ~: transforming as vectors, for instance, rli ~ ~7i+ eij~ b, under 
the group 0(5) and choose the following expectation values for r/ and so: 

(rli) = V16,1, (~:~) = 83~ V3 (27) 
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which break the symmetry spontaneously to the required level and eventually 
minimize the relevant potential. The Higgs coupling to the vector boson 
fields, for instance, is given by 

~ w .  = �89 ( a tx "q, - g W~,k nk ) X (ON'O,- g W.,,-q,) (28) 

Substituting the relation (21) into (28) yields the boson mass term as 

�89 Wl~il(~l)) (29) 

Using definitions (18), we find for the additional gauge boson mass term 

, 2 2 2 ~ U 7 , U ; )  ( 30 )  ~g VI (C~+D~+ U+~U-~+ 

and a similar substitution of (27) for ~ in (30) reduces to 

1g2V23(D~ + E~ + V+V• + V-~ V +) (31) 

Thus, the mass Lagrangian for the additional gauge bosons can be written 
as follows: 

~M (additional gauge bosons) 
1 2 2 2 2 1 2 2 2 - - I  2 T r 2 ~ 2  = s g  (VI+ V3)D~+~g VlC. -r~g  v3~  ~ 

1 2  2 + - + , 2 2 + - V ; V  +) (32) +sg V~(U.U~+ U-~ U . ) + s g  V3(V~.V.+ 

From equation (32) we notice that C. ,  D .  , E . ,  U . ,  and V~ have acquired 
masses and thus the symmetry is broken down to S U (2 )x  U(1). We also 
notice that the bosons C .  and E .  have equal masses and the D~ boson is 
the heaviest of all these particles. Its mass is the sum of the masses of C.  
and E .  bosons. 

4. CP VIOLATION IN K DECAYS 

To discuss the CP violation in the present theory, following Deshpande 
et al. (1977), we identify the states K1 ~ and g ~ as follows: 

K ~ = dyes + gy~d (33) 

K ~ = i(gT"d - dyes) (34) 

In equation (26) these states then mix through E~ and D~ to form K ~ 
and K ~ 

Looking at equation (24), we see that Kt is coupled to E~ and K~ and 
K2 to D ,  only, since there is no mixing of K1 and K2 hence no formation 
of the states Ks and KL, consequently no CP violation exists. However, 
our definitions D~ and E~ by (25) yield (26), in which we find that the 
linear combinations of the states K~ and K2 are coupled to D~ and E~.  
The implications of our definition will be discussed in Section 5. 
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In equation (26) we have the terms 

- ~gE Zcos(0/2) (all V~sL + ~L V~aL) 

+ e ~'~ sin(O/2) i(gL3,~dL-- dLy~'sL)] (35) 

1 / l t  [" --i~ - ~ g u , t - e  sin(0/2) (dLy~'SL+gzT~dL) 

+ cos(0/2)  i(gL 3'~*dL -- dt T'*SL)] (36) 

In the above expressions we reparametrize 0 and ,# in terms of el and e2 
as follows: 

el = e ~e" tan(0/2) ,  e2 = - e  -i* tan(0/2)  (37) 

where e~ and e2 are complex nHmbers. 
In terms of el and e2, expressions (35) and (36) can be recast as follows: 

1 
-lgE'~ (1 + 1e112) '/2 ([K1)+ ellK2)) (38) 

1 1 t 
-~gD~ (1 + 1 212) '/2 (IK25 + ez]K1)) (39) 

where we define K ~ and K~ as 

1 
IK~ (1 +Is,[z) 1/2 (]K,)§ EIIK2) ) (40) 

1 
[K~ - (1 + le212) '/2 (IK2)+ e2lK,)) (41) 

Furthermore, if e~ = e2 = e, [K ~ and ]K ~ can be rewritten in terms of 
I K~ and IK ~ as 

1 
IK~ - [2(1 + lel2)] ~/2 [(1 + e)l K~ - (1 - e)l/(~ (42) 

1 
JK~ = [2(1 + le[2)] ~/2 [(1 + e)lK~ + (1 - e)[/(~ (43) 

which are the expressions indicating CP violation and CPT invariance (see, 
for example, Commins, 1973). 

Granting that D~ and E "  are the appropriate gauge states exchanged 
in the direct transition from K1 to K2, one can calculate the magnitude of 
the effective CP violation, which will be reported elsewhere. The point we 
want to make here is the relevance of the Cabibbo angle to CP violation. 
We will first establish that given the expressions coupled to D~ and E;, in 
equation (26), which are the linear combinations of K~ and K2 states, it is 
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not possible to decouple them by a redefinition of quark phases, and later 
we show that if the Cabibbo angle does not exist, the combinations decouple; 
K1 couples to E .  and K2 to D .  only. 

Let us define a new state g= e-iSs, which is just a phase change and 
does not introduce any new physics in the theory. Now K1 and K2 can be 
defined in terms of d and g quarks as follows: 

KI = dye'S+ ~y~d (44) 

K2 = i( ~y"d - dy"~) (45) 

Then the expressions containing D~ and E~ in (15) can be recast as 

--IgEtz(SLT dL dLY SL) (46) 

-- �89 gD'~ i( ; t  y"  dL - d-L 3" gL) (47) 

which means that now D~. couples to K2 and E~ couples to Kx only; hence 
there will be no formation of Ks and KL states and consequently the theory 
remains CP-invariant. However, such a procedure introduces a complex 

:t: • • phase in the coupling terms of U . ,  V.,  and W. ;  for instance, we will have 
U+(ffLy~cL e +i~ - ~ / ~ d c L ) ,  which cannot be absorbed in the quark field 
u. This can be seen as follows. 

In the Lagrangian (24), if ~ is defined as u = ~ e -i~, the expressions 
coupled to U + and W~ have to be recast as 

1 

(48) 
1 + ~ _ ~ , ~  e i ~ )  g W . ( u L  eiSy~d~L + Cz y ScL 

For the Lagrangian to remain invariant in terms of new states, the phases 
+i~ ~e-i~. have to be absorbed in c and d by defining d = a e and c = Thus, 

with the introduction of  the new states defined above, i.e., 

i~ d - d _-i~ g = - i , ~  , C e i8 = u e  , - e , s e  , ~= (49) 

and by their insertion in the expressions coupled to D~ and E~ in equation 
(26), we recover the original expressions in terms of the new states. Thus, 
the coupling of K~ and K2 cannot be removed by a redefinition of quark 
states with the additional phases. 

We now show that if the Cabibbo angle does not exist, there will be 
no CP violation in K decays. Putting 0~ equal to zero in equation (23), we 
find E~ = E .  and C.  = C..  Equation (25) defines D~ and E .  in terms of 
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E'~( = E~) and D~,. Substituting D~ and E~ in Equation (26) in terms of 
E.  and D. ,  we find that the expressions containing D~ and E~ reduce to 

-�89 (50) 

-�89 (51) 

From equations (50) and (51) we see that K1 and/(2 have decoupled 
and thus the states K ~ and K ~ no longer exist. Hence, there will be no CP 
violation. We thus see that the existence of the Cabibbo angle emerges as 
a necessary condition for CP violation in K decays. 

5. DISCUSSION OF RESULTS 

From equations (33), (34), and (24) we observe that K~ couples to E~ 
and /(2 couples to D..  However, in equation (23), Eu is defined in terms 
of Cu and E.;  in fact, this definition is a necessary consequence of K~ 
being coupled to both C~ and E.,  which we have already established to 
be equally massive; on the other hand, however, in defining D~ and E~ 
there is no built-in mechanism in the theory to necessitate such a mixing 
of /~ ,  and D~, of differing masses; it is only compatible with the SU(2) 
invariance of the theory. If 0 = 0 and ~b = 0, from (25) D~, reduces to D~, 
and E~, to E, ,  and from equation (26) we see that K~ couples to E', and 
K2 to D~ only; hence, no mixing of K1 and K2 occurs. The parameters 0 
and 4, determine the magnitude of the mixing of the states K 1 and/(2, and 
from (37), are related to the parameters el and e2, which are equal if the 
theory is to be CPT-invariant. From equations (42) and (43) we see that e 
is the CP-violating and CPT-conserving parameter. The contributions of 
CP violation in the direct transitions from K1 to /s mediated by the 
exchange of D~, and E~ do not cancel, as they are nondegenerate; hence, 
their mass difference may be regarded as the origin of CP violation in this 
theory. 

If 0c were zero, as we have shown, no formation of D~ and E~ would 
take place to mix, and hence there will be no CP violation in the theory. 
Thus, the existence of the Cabibbo angle emerges as a necessary condition 
in K decays. 

ACKNOWLEDGMENTS 

I thank Dr. J. Strathdee for interesting discussions on this work. I also 
thank Prof. Abdus Salam, the International Atomic Energy Agency, and 
UNESCO for hospitality at the International Centre for Theoretical Physics, 
Trieste. 



688 Samiuilah 

R E F E R E N C E S  

Brauer, R., and Weyl, H. (1935). American Journal of Mathematics, 57, 447. 
Cabibbo, N. (1963). Physics Letters, 10, 531. 
Chau, L. L. (1983). Physics Reports, 95, 1. 
Christenson, J. H., Cornin, J. W., Fitch, V. L., and Turlay, R. (1964). Physical Review Letters, 

13, 138. 
Commins, E. G. (1973). Weak Interactions, McGraw-Hill, New York. 
Deshpande, N. G., Hwa, R. C., and Mannheim, P. D, (1977). Physical Review, D, 19, 2703. 
Donoghue, J. F., Holstein, B. R., and Valencia, G. (1987). University of Massachusetts, Preprint 

UMHEP-272. 
Ecker, G. (1987). Institute of Theoretical Physics, University of Vienna, Preprint UWThPh-33. 
Fr6re, J. M., Hagelin, J., and Sandra, A. I. (1985). Physics Letters, 151B, 161. 
Glashow, S. L. (1961). Nuclear Physics, 22, 579. 
Grimus, W. (1987). University of Vienna, Preprint UWThPh-10. 
Kobayashi, M., and Maskawa, T. (1973). Progress in Theoretical Physics (Kyoto), 49, 652. 
Li, L. F. (1964). Physical Review D, 9, 1723. 
Salam, A. (1968). In Elementary Particle Symposium, N. Svartholm, ed., Almquist, Stockholm, 

p. 376. 
Weinberg, S. (1967). Physical Review Letters, 19, 1264. 


