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The O(5)x U(1) electroweak gauge theory with two particle generations of
quarks and leptons is considered. With spontaneous symmetry breaking down
to the O(3) level, the 't Hooft-Polyakov SO(3) monopole theory along with its
triplet of scalar fields is reproduced and developed to the extent necessary to
establish the results. It is shown that the existence of the monopole triggers the
Cabibbo rotation of d and s along with the », and », flavors, which in turn
results in the neutrino oscillations. The neutrino oscillation angle turns out to
be the Cabibbo angle. Using the experimental data of Baker et al, an upper
limit is set on Am?=1.3eV? (Am®= m? —m?). Furthermore, it is exactly the
Cabibbo angle in which the isovector ¢ has to be rotated so as to spontaneously
break the symmetry down to the O(3) level, together with, on the SO(3) sector,
to the U(1) level. It turns out that the Weinberg angle is twice the Cabibbo
angle, a result already noted elsewhere.

1. INTRODUCTION

In view of the continuing search for the magnetic monopoles, reported,
e.g., in the recent work of Barish et al. (1987), Bartlet et al. (1987), and
Ebisu and Watanabe (1987) and references therein, it is worthwhile search-
ing for some theoretical evidence which could serve as a signal for the
existence of the monopoles. In a previous paper (Samiullah, 1988) it was
shown that the Cabibbo rotation of d and s quarks is triggered by the
’t Hooft-Polyakov monopole given by the SO(3) gauge theory. The present
work indicates that the neutrino oscillations are also triggered by the SO(3)
monopole. It is shown that the SO(3) monopole theory naturally follows
from the O(5) x U(1) model and that with the explicit particle content the
mere existence of a monopole triggers the Cabibbo rotation of d and s
quarks along with the », and v, neutrinos.
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Regarding the O(5)x U(1) electroweak theory, it suffices to say that
the group O(5) is anomaly-free and economical in the number of gauge
bosons which we associate with each of its generators. Considering that
data are analyzed with the assumption that the dominant contribution comes
from one pair of neutrinos (i.e., coming back to the case of two neutrino
flavors) (Guyot, 1983), I employ the four-dimensional spinorial representa-
tion of the group O(5) which could accommodate two of the three gener-
ations with the as yet undiscovered top quark. In Section 2, I briefly sketch
the relevant mathematics. In Section 3, I discuss the O(5)x U(1) model.
In Section 4 the symmetry is broken down to the SO(3) level. In Section
5 the usual SO(3) monopole theory is reproduced, 't Hooft’s electromagnetic
tensor is derived, magnetic current and charge are given, and their conserva-
tion is shown. Section 6 utilizes the conventional procedure to establish the
neutrino oscillations and the oscillation length. Section 7 deals with the
triggering of the neutrino oscillations by the 't Hooft-Polyakov monopole.
Section 8 discusses the results.

2. THE RELEVANT MATHEMATICS

To establish notation and indicate the particular representation used
in this work I sketch here 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). Foliowing their method,
I construct the four-dimensional representation of the group O(5). Take a
set of five 4 x4 Hermitian anticommuting matrices I',,:

I'=r,, {l.,Ty}=264  ab=1,...,5 (1)
and
M=oPxo® T=ol'xo® T=o0{’x1
I=cVxa?, T=0x1 (2)

The superscripts (1) and (2) refer to two distinct sets of Pauli matrices, the
symbol x stands for the direct product, and 1 stands for the 2 X 2 unit matrix.

The generators are given by
Fab=—%il—'arb, a#b (3)

The restriction is imposed due to the antisymmetry of F,,. Explicitly written
out, the matrices read

_(9 o (0 o (1 0
rl”(al 0>’ r2—(02 0)’ r3_(0 —1)

. 4
1_‘:<0 0'3) F—-—( 0 —le)
*“\oy 0/ > \ix1 0
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The generators are given as follows:

/o, O 1/ 0 o 1{-0, O
F12=§( O3 a')’ FB:E(—iU 01>’ FM:E( 02 —0’)
3 1 2
1{o, 0> 1( 0 io-2> 1(01 0)
Fis== Foy== ,  Fp=-
1 2(0 —-ay)’ 27 9\~io, 0 #*7o\0 o
1{o, O 1/ 0 —ia'3) 1(0 —1)
Fas 2(0 ——0'2>’ 34 2(:‘03 0o ) PT\-1 0

el 4
45—2 0 — a3

They satisfy the following commutation relation:
[Faba ch] = i(aachd - achad + 5bdF‘ac - Sadec) (6)

forming a Lie algebra.
It is convenient to consider the algebra in a different basis

{F, Fus, FT}, i=1,2,3 (7

defined as follows:
F, = Fy, Fy=Fy;, Fy=Fy, ' (8)
Fli:FmiiFls, F;=F24iiF25, F3i:F34iiF35 9

Among the above set of generators using equation (6), in particular,
the following commutation relations can be established:

[Fi, F{]1=+2F,s (i not summed)

[Fys, Fi]1=+F; (10)
[F453E]=0 (11)
[E; F}] = isiijk (12)

From equation (10) we see that for every value of i (=1, 2,3) the set of
generators {Fys, F5} and, from equation (12), the other one, i.e., {F;}, form
su(2) subalgebras. Since in equations (13) the charge operator is defined
using the generator F,s, equations (10) and (11) indicate that F; and F7
are the eigenvectors of the charge operator with the eigenvalues 0 and =1,
respectively, the charge is invariant under the group O(5), and eventually
under the larger group O(5) x U(1).

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

The present work develops the electroweak theory using the four-
dimensional spinorial representation of the group O(5) to which the left-
handed quark and lepton multiplets Q] =(u,d,s,¢), and L=
(v., €, , v,.) 1 are assigned, whereas the right-handed particles ug, dg, s,
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cr, €r, Mg are taken to be the singlets of the group. The model has three
sets of gauge bosons: (1) analogs of the Glashow (1961), Weinberg (1967),
and Salam (1968) (GWS) model, (2) additional charged gauge bosons as
compared to the GWS model, and (3) a set of three neutral gauge bosons.

This model has ten gauge fields W;; (i<j=1,...,5) and a singlet one
transforming as O(5) and U(1) generators, respectively. Table I gives the
eigenvalues of the operators F,s and F, along with their charges for the
leptons and quarks.

The eigenvalues Y, of the operator F,; for the right-handed particles
ug, dgr, Sr, Cr, €r, Mg are taken to be zero, as they are the singlets and do
not belong to the four-dimensional representation of the group O(5). In
terms of the O(5)x U(1) generators, the charge operator is given as

Q=F45+%Fo (13)

Because of equations (8) and (9), it is possible to define a basis for the
gauge bosons such that in the Lagrangian (19) certain combinations of the
gauge fields, for instance (1/v2)(W?*+iW?2), can be universally coupled
to the charge currents such as uy*(1/2)(1+v°)d, cy*(1/2)(1+y’)s rather
than the separate ones W' and W7

We define
Fc=Fyp, Fp=Fs, Fg = Fy;, Fr=F,;s
(14)
£ 1 B = 1 ES + 1 =
FU:EFI’ szst, Fvv:E-Fz
The corresponding basis for the gauge fields is taken to be
C}‘ - Wlllvz’ D,U« = W:f’ El" = W.121-3’ FF' - Wi-s
i i
Uz=+—=(WEFiwD), VE=F—=(W3*Fiw?) (15)
u \/2 I “ I \/2 u "
1
Wi =33(Wi4:F iW,zf)
Table I
Leptons Quarks
Vel €LRr ML R VL UL R dyr SL,R LR
Q 0 -1 -1 0 2/3 -1/3 -1/3 2/3
Yas 1/2  -1/2,0 —-1/2,0 1/2 1/2,0 -1/2,0 -1/2,0 1/2,0

Y, -1 -1,-2 -1,-2 -1 1/3,4/3 1/3,-2/3 1/3,-2/3 1/3,4/3
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Denoting the gauge couplings for the groups O(5) by g and for U(1) by
(1/2)g’, we can express the coupling of the fermion currents (¢ representing
both the quark and the lepton fields) to the gauge bosons [with 4 taken to
be the Dirac conjugate of a and introducing the abbreviations a;=
(1/2)1+y%)a, ag=(1/2)(1—y")a, ay*b- ay*(1/2)(1+vy°)b] by the fol-
lowing interaction Lagrangian

L.=g ¥ ('-ZL‘Y#E)'WK‘//L)

i<j
+ %g'[{%( ary* Wﬁ u,+ ‘71_‘)’” Wﬁ d +5. 9" WﬁSL +e vt Wﬁ cL)
— (Do ¥ Ve + ELy" Wﬁ e, y* W::ML + 7, 7" Wﬂ V,LL)}
+ {(ﬁL’Yug Wﬁ U, — JL'}’“%dL - §LY“% W,S.SL + 51_’)”“31 WSLCL)
‘2(ERYMW29R+ﬂR7“W£,UvR)}] (16)
Furthermore, defining
J.(em)=Gay*u—idy*d —35y"s +3eytc—ey*e—py*un)  (17)
Jour1= (dy u, — gL'y#dL —§ytsitiyte
—eyter— Yy Lt Ve ¥ Ver ¥ v0r) (18)
the interaction Lagrangian can be recast as follows:
Lin=g WyJ,(em)+3(gF, —g' W),
+%gcy.(aL'Y#uL —diyrdy + 5 yts - Eyter
—eyte + iyt — _}LL’y'LV}LL + VoL Y ver)
+ %giDp(aL’)’“CL + JLY“SL =5 ytd eyt u F v vt
tery L —aryter— Py ver + Per Y VL)
+ %gE#(ﬁL‘Y“CL - JL')’“SL —§ytd - cytu,
+ Do Y Ve — €Ly pL — Ay er + Uy ver) (19)

At this stage it is relevant to mention that we work here, conventionally, in
the Prasad-Sommerfield (1975) limit, in which we do not give the potential
explicitly but only specify that it gives to the scalar fields in the ground
state a nonvanishing vacuum expectation value. The nature of the vacuum
expectation value determines the unbroken subgroup of the bigger one.
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4. THE SYMMETRY BREAKING

To reproduce the SO(3) theory of the magnetic monopole, we break
the O(5) x U(1) symmetry spontaneously down to the O(3) level in two
stages. First we break the symmetry to the O(4) level by employing a
complex scalar field ¢ = ¢” and its complex conjugate ¢* = ¢° and then a
real scalar field ¢“ (Higgs) to the O(3) level.

The real Higgs coupling is given by Lie (1974) as

Lo =300.07 — gWaunp) (8,07 —gW,ud7) (20)
The complex Higgs are coupled in the following way:

LW¢complex = %(8[L¢l - gWMik¢k - lg’/2 W}OL¢I)T

X (3, — g Wi — 18"/ 2W L ;) (21)
We choose the following ground-state expectation values
(6%) =8 Va, <¢b>=<¢c>=5i5V5 (22)

where V, and V; are constants.
Substituting the expectation values of ¢” and ¢° in equation (21), we
find

VI ([ Wors | Waasl + | Woas + | Woasl) + Vig?/aWi? - (23)

On the other hand, substituting the expectation value of ¢“ in equation
(20), we get

Vigz(l Wy.l4|2+ i Wpe24l2 + | Wy.35|2 + | W,u.45|2) (24)

With V, = Vs = V, adding the relations (23) and (24) and using the definitions
(15), after the first and the second stage of symmetry breaking, the boson
mass term is given as

VN ULU+ VLV, + WL W, +iF.+g7% /g W) (25)

From equation (25) we notice that U, Vi, Wi, F, and W, have acquired
masses. Since the generators Fy,, F;; and F,; remain unbroken as such, the
corresponding particles C,,, D, and E, are massless; we also notice that
they are neutral. From (12) we learn that the generators F,,, Fj; and F,;
form an O(3) group and hence the symmetry is reduced to the O(3} level.
Now our theory contains an SO(3) group and a triplet of Higgs scalars ¢°,
¢” and ¢°. This scenario is exactly the starting point of the 't Hooft-
Polyakov monopole theory; the difference is that at the SO(3) sector the
present theory employs the five-dimensional representation, in contrast to
the usual three-dimensional one.
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5. THE SO(3) MONOPOLE THEORY

At the SO(3) sector equipped with a triplet of Higgs scalars we can
write the relevant Lagrangian as follows:

L=-3G*-G,, +3D"¢- D, ¢ - V() (26)

where G, is the gauge-invariant tensor, for the non-Abelian group SO(3);
it is defined by

G,,=0,W,—9,W, +gW,x W, (27)
and ¢ has a covariant derivative given by
D,p=d,6+gW,xé (28)

its components being ¢°, ¢ and ¢°.
We now specify the potential as

V(¢)=—ir($*—a”) (29)

which, at r » a, in Higgs vacuum, defined in equations (34) and (35) yields
¢?=a’. For this sector the equations of motion are given as follows:

D,G*" =g¢ x D*¢ (30
D,D"¢ =-r¢p($*-a’) (31)

The above equations in component form read
(D,G*"); = —geyjdr (D" )y (32)
(D*D,¢)i=—Adi(¢°~a’) (33)

We say that the fields in a certain region of space-time are in the Higgs
vacuum if the equations

(G*¢)i=0 (34)
(D*¢);=0 (35)

are satisfied. Furthermore, we make the conventional assumption that any
finite-energy solution, except in a finite number of compact localized regions
which we associate with the magnetic monopoles, at large distances, satisfies
equations (34) and (35). For a given @, outside the monopole regions in
the Higgs vacuum the general form of W, is given by Corrigan et al. (1976)
as

- 1 - - 1-
W =——¢ xd"*p +— A" (36)
a’g a
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where A* is arbitrary. From (36) with ¢/a = qg we find

A= W =§'Wh (37)
Defining
F* =ang¢3- (3P xa"d)+a"A” —a"A* (38)
it can be easily checked that the following equation is derivable:
G = (39)
or equivalently one gets
F* =§- G+ (40)

From equation (28) we note that in the direction where ¢ obtains a constant
value in the Higgs vacuum we get

8, F*’=0 and  3,*F*" =0 (41)
where *F*"” is the dual of the field tensor F*” defined as
*F* =1/2e""°F,,
£ being the completely antisymmetric unit tensor. With
F=-E' and F'=-¢;B" (42)

where E and B are the electric and magnetic fields, respectively, we
recognize (41) as the Maxwell equations. Defining ¢/ a—d), one can
reexpress equation (38) as

F* =g*A" —3"A* +— ¢ (P x3")=d- G (43)
which in component form becomes
1 Al A
F“ =" A" 3" A +—epd' 9“9 6" " (44)
g

Equation (44) is 't Hooft’s “electromagnetic’ tensor. It may be remarked
that the field equations (32) and (33) are second-order nonlinear coupled
partial differential equations and finding a general solution of these
equations is an extremely difficult task. However, as an example of its
usefulness, 't Hooft circumvented the difficulty of solving these equations
by employing a static, spherically symmetric ansatz, namely

(WO)azoa (“/i)azgaijxj[l_K(r)]/grz

ta__ La 2 2__ .2 2 2 (45)
¢ =x"H(r)/gr, r’=xj+x5+x;
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In the Prasad-Sommerfield limit, equation (27) has an explicit solution
(see, for example, Marciano, 1978):
K(r) = gar/sinh(gar), H(r) = gar coth(gar) -1 (46)
Equations (44)-(46) lead to
Fy=—eux*/gr’ (47)

which corresponds to the magnetic field of a point monopole with the
magnetic charge 1/g.

The topological nature of this magnetic charge was demonstrated by
Arafune et al. (1975). From equation (44) they noted that if A, is free of
string singularities, one can define the magnetic current as

1 A A A
TR, =0 T F = P 97 8$"97¢° (48)
This current is conserved
" *K, =0 (49)
The corresponding charge
1 1
M=— J KO dsx =
4 g
yields
M=0 (50)

and hence it is also conserved.

6. THE NEUTRINO OSCILLATIONS

To put the present work in the proper perspective, 1 briefly recall here
some of the relevant work on neutrino oscillations (for example, see
Commins and Bucksbaum, 1983). Define the states v, and v,, as the
following superposition of the neutrinos v, and v,:

Vep=cos v, +sin v,

(51)

v,0=-sinfv,+cos v,

Consider that the neutrinos », and », are formed at time ¢ =0 in the states
v.(0) and »,(0), respectively, and have the time evolution given by

|v.(1))=exp(—iEv.t/ #)|v.(0))

(52)
v, (1)) =exp(—iEv,t/ #)|v,(0))
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With P, =P, =P, we have
E, =(P, +m)">=(P*+m})"”
E, =(P +m} )= (P +m] )" 9
Equation (51) becomes
|ve6 (1)) = exp(—iE, t/ #)|v.(0)) cos 6 +exp(—iE, t/#)|»,(0))sin 6 (54)
This can be written as
|veo(1)) = {exp(~iE, t/ h) cos® 6 +exp(—iE, t/ h) sin® 0} |v.(0))
+cos 0 sin 0{—iE, t/#) —exp(—iE, t/ #)}|v,s(0)) (55)
The probability for a neutrino originally in the state |v,,) to be in the state
|v,e) at time ¢ is given by
P(vpe V;Lo) = I(V;LIVe(t»IZ
= cos” 9 sin’ 0 lexp(—iE,, t/#) —exp(—iE, t/ &)’
=3sin’ 260 {1—cos 6 (E, —E, )t/ h} (56)
If a neutrino beam travels a distance R in time ¢, putting R = ¢t and assuming

P>»m,, m, h we can rewrite equation (56) as
2

1., my, —m3, ¢
P(Veeeﬂue)=551n 20 {1—cos HTgR (57)

The neutrino oscillation length is defined by the equation

Do Tr = =I5 58
2p h L (58)
where L is the oscillation length; equation (58) yields
47h
L=—"F (59)

(m; —m3)c?
As already remarked in Section 1, in view of the fact that usually three
neutrino flavors data are analyzed assuming that the dominant contribution
comes only from one pair of neutrinos, even a detailed calculation would
lead to the same result as given in equations (57) and (59).

7. TRIGGERING OF THE NEUTRINO OSCILLATIONS

Inserting (37) in (38) in a gauge where ¢ assumes a constant value,
we obtain

F,, =0, (6'W.)—09,(6'W.) (60)
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From equation (60) we notice that the gauge fields W)2, W3 and W2,
which in view of equation (12) transform as a SO(3) isovector, are rotated
in the direction of q§, where it has a constant value. On the other hand, we
have already remarked that when ¢ takes a constant value, it is in the Higgs
vacuum and breaks the O(5)x U(1) symmetry spontaneously down to the
SO(3) level. Furthermore, from equation (60) we notice that ¢, at the SO(3)
sector, also breaks the symmetry down to U(1). Consistency demands that
any other structures existing in the theory, such as isodoublets, isotriplets,
etc., should be rotated appropriately.

A 2 X2 unitary unimodular matrix corresponding to a three-dimensional
rotation by an angle 20 around a vector 7i with & being the Pauli matrices
is given by

i A -
UR=exp<E 20n o-) (61)

The set of all such 2 x2 matrices forms a SU(2) subgroup. For simplicity,
if we choose the axis of rotation as the y axis, equation (61) yields the matrix

cos @ -—siné
Us :< f)s sin ) 62)
sinfé cos#é

To a unitary matrix U € SU(2) there corresponds in three dimensions
a unique rotation matrix R(U)e SO(3) given by the relation
R;(U)=3Tr(U'o,Ugy) (63)
Explicitly written out, it reads
cos26 0 —sin24
0 1 0 (64)
sin28 0 cos26

Whence to every set {A, B} of matrices Ae SU(2) and B e SU(2) belonging
to two different groups there exists a definite transformation A€ SO(4)
satisfying the relation

A =3 TI’(TaATBBT) (65)
where
1, = (1, io;) for a=(0,i) (66)
A—B =< c0.s 6 sin 6) 67)
—-sin# cos 6

cos20 0 —sin26 O

0 0 0
= (68)

1
Aaﬂ_ .
sin28 0 cos28 O
0 0 0 1
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However, in the interaction Lagrangian (19), we have, apart from C,, D,
and E,, further sets of gauge bosons, namely U, Vi, and Wi, W, F,.
Theset{C,, D,, E, } being an isovector, its components transform, operated
upon by the matrix (55) with C’M, 13# and 1:3# regarded as physical gauge
bosons, as

C,=c0s26C, —sin26 E,
D,=D, (69)
E, =—sin26 éﬂ +cos 26 E“

Substituting equation (55) in L;, and sticking to the usual convention of

rotating the d and s quarks together with rotation of the », and », neutrinos,
we obtain for the terms containing C,,, D,, and E,, the following expression:

1¢C, Lay"u+ (5y"s — dy*d) cos 28
—(dy*s+5y*d) sin 20+ gy u + (v.y*v, + 5,y"v,) sin 20
+(Py*v.— P, vV, ) cos 260 — é’y“e]LJr%giﬁ“(ﬁy"c + dy*s — §y*d
- 57“” + ﬁe’yMV,u. + éyuﬂ - lay“e - ﬂuyvve)L
+1gE, [dy*c+ (dy"d — §y"s) sin 26
—(dy*s+5y*d) cos 20+ éy*u+(9,y"v, + v,y v, ) cos 26
By v Boy"v,) sin 20— y*u — fiy*el, (70)

If we identify 6 with the Cabibbo angle 6., relation (61) is exactly the
expression one would obtain for this part of the L;, by introducing the
Cabibbo rotation of d, s; v,, v, quarks and neutrinos given as follows:

d,=cos8d+sinfs Voo = cOS 0 v, +sin Oy, (71)

s,=—sinfd+cos 8s Ve =—sinOv,+cos fr, (72)

At this juncture I note that regarding C~"L, D~}L and f?“ as physical gauge
bosons automatically kept the expression coupled to C,,, D, and E,, in L;,
invariant. The set of particles W, W, F, transform as the generators
(1/«/2)F§’, (1/«/2)F2", F,s, whereas the set W,, W, F, transform as the
generators (1/\/§)F2+, (l/x/E)F{, F,. From equation (5) these generators
transform as SO(3) vectors with equal norms, i.e., (3/4)1. Hence, recalling
our choice of the rotation axis to be the y axis, the corresponding SU(2)
matrices say A and B turn out to be as follows:

cos 8 sin 0)

7
—sin @ cos @ (73)

a=n-(
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Thus, applying equation (69) to the set {W , WS}, it can be
reexpressed in terms of the transformed W W" F W as follows:
W=
W =cos26 W, —sin20 F, (74)

F,=sin20 WS+cos 20 F,

Using (74), it is possible to rewrite the part of the L,

g'WoJ,(em)+3(gF,—g' W2)J,, (75)
as follows:
g8 s, Foi » °
(g2+gr2)1/2 Wuju(em) ( + ,2)1/2[2(g +g ) —8 Jp(em)] (76)

where we have defined

tan20=g'/g (77

/2)1/2

It is interesting to note that if we identify gg'/(g°+ g as usual with the

charge e and rewrite
20=10yw (78)

one can identify W9 with A, and E, , with Z%, and equation (76) is exactly
the expression we would obtain if we Cabibbo-rotate the quark d, s and
the v, and v, neutrinos. Hence, 6 can be identified with the Cabibbo angle
0. (Cabibbo, 1963). Thus, from equation (78) we have a result that the
Weinberg angle is twice the Cabibbo angle, which was already noted
(Samiullah, 1986) elsewhere.

In our formalism we are left with two more charged gauge bosons U,
and V. They transform as spinors; thus, applying the transformation (62)
to U,f and Vt, the relevant part of L;,, can be expressed as

1 o
_gU;(aLY“SLC ~eytdic+ v yte — —;LL')”LF«L) +H.c.
V2

1 .
+ﬁ gVaa y"se+ e ytdic+ vyt + 7,y e )+ Hee. (79)

which is again the expression one would obtain for this part of the L;, by
introducing in it the Cabibbo rotation of d, s, and v,, v, flavors, respectively,
as given in equations (71) and (72).
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Thus, in all cases, we have obtained the exact expressions derivable
by introducing the Cabibbo rotation of d, s and »,, v, flavors.
Recall equation (56), which can be simplified to read

P(v,p > v,,) =sin’ 20 sin’(1.27Am’R/ E) (80)

where Am® = m, — m? is in units of electron volts squared, E is the neutrino
energy in megaelectron volts, and R is the distance from the source of
neutrinos in meters. Baker et al. (1981) have reported a search for the
neutrino oscillation at Fermilab. For (R/E),,=0.16 m/MeV, they find that
the small oscillation probability is given as P(u - ) =1.3x 107 Inserting
these values in (80), we find

sin(20) Am*<1.6 eV?

which for # identified with the Cabibbo angle 6, sets an upper limit
Am*=13eV°.

8. DISCUSSION OF RESULTS

In the present work, on the O(3) sector of our model we have repro-
duced the usual SO(3) monopole theory together with its triplet of scalars.
In view of the several possible choices of Higgs direction for spontaneously
breaking the O(5)x U(1) symmetry down to the O(3) level, the precise
direction is of extreme importance, as it has a dual function: (1) to leave
the gauge bosons C,, D, and E, massless so that they can be used in
defining the usual electromagnetic tensor [see equation (60)] and (2) to
give a constant value to the Higgs triplet ¢. From equation (62) it is exactly
the angle by which a spinor is to be rotated and is identified with the
Cabibbo angle. Equation (60) plays a crucial role, indicating that W, has
to be rotated in the direction of ¢, where it acquires a constant value which,
to fulfill the consistency demand, results in rotating the different structures
such as isodoublets and isotriplets, etc., of the theory appropriately, which
in turn Cabibbo-rotates the quarks d and s along with the neutrinos v,, v,.
It is only in terms of ¢ that we have obtained the monopole field [see
equation (45)], which shows that the Cabibbo rotation of u, d and v, v,
flavors and the neutrino oscillations are triggered by the existence of a
monopole in the theory.

We have two more important by-products of our result, from equation
(7.15). The Weinberg angle is twice the Cabibbo angle, which is borne out
by the experimental data, and we have arrived at A, by two alternative
ways, equations (36) and (74). The former stresses its four-vector aspect,
the latter its masslessness as a photon.
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