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Abstract

We have reviewed the GWS theory of weak and electromagnetic interaction among leptons
and study their property. Thus electroweak interaction emits intermediate vector bosons

(W and Z), just as photon is emitted in the case of QED. Intermediate vector
bosons have to be massive so that we have reviewed their masses My = %gy and
My, = %V\/W in the frame work of Higgs mechanism which is applied to break
unified SU(2) x U(1) symmetry spontanously. The Lagrangian that describes the com-
plete interaction and the decay of W~ boson is finally presented in this thesis. .
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Chapter 1

INTRODUCTION

This thesis is devoted to study the GWS model for electroweak interaction of leptons
that was developed by Glashow,Weinberg and Salam. It is minimal model of electroweak
interaction with respect to the number of required fields and it is characterized by the
representation of the weak interaction universality(the interaction at which all the weak
currents couple with the same strength) as a symmetry under weak isospin S(U)w and
weak U(1) hypercharge transformation[15] .The electroweak theory that were able to unify
the weak interaction with the electromagnetic interaction by combining the SU(2) weak
isospin group with the U(1) singlet that represent QED the product is SU(2) x U (1) which
is the conclusion of Glashow,Weinberg and Salam in 1960’s. In order to generate the mass
of the weak gauge bosons or weak isovector triplet W+, W=, Z°[4], the Higgs mechanism
for the spontanous symmetry breaking of this unified ( S(U)w x U(1)y) symmetry is
used in such a way that the electromagnetic gauge group U(1)gy remains conserved as
residual symmetry[1]. The higgs sector of the GWS model is needed to give mass to the

gauge boson is described in this thesis.

1.1 The standard model

The Standard Model unifies the strong force of QCD and the electroweak force which
results from the unification of QED and weak interaction theory.A quantitative description

of the Standard Model can involve quantum field theory, group theory.Our objective in



this thesis is to give a descriptive account of the development of the Standard Model with
emphasis on the unification framework and directions it may lead for future theoretical

extensions.

1.2 Constituents and Mediators of the Standard Model

According to the Standard Model, all matter in the universe is made up of a dozen fermions
(and their antiparticles) six quarks (u,d,s,c,t,b) and six leptons (e, ve, u=, v, 77, v7)
that come paired up as doublets of three generations. For each quark flavor there are
three colors.All the quarks and lepton are fermions.In particular, those with spin 1 are
called gauge bosons. The Standard Model requires the W, W~ Z, and ~ spin-one gauge
bosons to mediate the electroweak force and eight gluons to mediated the strong or color
force.The constituent particles of the Standard Model and some of their properties are
listed in the chart bellow. The gauge bosons and the forces they mediate are listed
in Table 1.1. Gravity is included for completeness even though it is not part of the

Standard Model. As shown in the chart bellow,the matter particles consist of three
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Figure 1.1: “This chart shows the particles of the standard model”.



families of fermions (quarks and leptons). The gauge particles are arranged such as to
show the hierarchy of interactions (by means of the dotted lines): eight gluons, differing
in the color quantum numbers, mediate the strong interaction and couple only to quarks;
the photon is responsible for the electromagnetic interaction and couples to quarks and
charged leptons;the W and Z particles mediate the weak interaction and couple to all
fermions. Bosons of the same row also couple among themselves and the charged W's
couple to the photon in addition. By definition the Higgs particle (shown in the lower

right corner) couples directly only to particles which have a nonzero mass[4]”.

‘ interaction exchange boson ‘ spin | MEass ‘
strong 8 gluons (g) 1 0
electromagnetic | 5 1 0
weak WH 1 | 804 GeV

Z 1 | 9.2GeV
pravity graviton? 2 0
Higgs 0 ?

Table 1.1: Comparison of Fundamental Forces.

1.3 Weak Isospin and ¥V Boson

The grouping of leptons into pairs of three generations suggests that the leptons of each
generation are weak isospin doublets in analougy with the fact that proton and neutron
are isospin doublets that are indistinguishable by the strong force. An isospin group
with two members satisfies a symmetry representation called SU(2).Consequently, for the
weakly interacting isospin group SU(2) there must be three gauge bosons. These can be

identified as the weak isotriplet vector W+, W~ and Z° bosons.



Chapter 2

Gauge Theories:QED And Yang
Mills Theory

2.1 Gauge Theory

This section introduces the gauge theories that are now believed to underlie all interaction
of elementary particles. We begin with the principle of Lagrangian formulation,global and

local gauge invariance of the Lagrangian.

2.2 Local Gauge Invariance
Notice that the Dirac Lagrangian
L = ipy"9,0) — mypyp (2.2.1)
is invariant unnder the transformation
Y — e (2.2.2)

This is “global gauge transformation” (where 6 is any real number), for then 1) — ye™"
and in the combination 17 the exponential factors cancel out. We call (2.2.2) a global
gauge transformation. What if the phase factor is diffferent at different space-time points,

that is what if 8 is a function of z*.

W — ey (2.2.3)



(Local gauge transformation Lagrangian is not invariant under such a local transforma-

tion,we pick out extra term from the derivative of 8

0 (") = i(8,0)e™ ) + €0,

So that
L — L —(0,0)¢y" (2.2.4)
it is convenient to pull out the factor of —q out of 6, by letting A(z) = —@, where ¢ is
the charge of the particle involved, in terms of A jthen
L — L+ (qy")d,\ (2.2.5)
under the local gauge transformation
Y — By (2.2.6)

The most important point comes when we demand that the complete Lagrangian be
invariant under local gauge transformation, since the free Lagrangian (2.2.1) is not locally
invariant, we are obliged to add something, in order to soak up the extra term in (2.2.5).

Suppose
L = [y — mpyl — (ay"v) A, (2.2.7)
where A, some new field called ”gauge field” which transforms under local gauge trans-

formation according to the rule.
Ay — Ay 40\ (2.2.8)

This new improved Lagrangian is now invariant under local gauge transformation, the
price we have to pay is introduction of new vector field that couples to ¢ through the last
term in equuation (2.2.7) In generalization, If in the original free Lagrangian we replace

every derivative (0,) by so called ” covariant derivative”

D, =0, +iqA, (2.2.9)



the transformation (2.2.8) will cancel the offending term and then we can obtain that
D, — €D, (2.2.10)

and the invariance of Lagrangian is restored.The substitution of D, for 0,, then is a
simple device for converting a globally invariant Lagrangian in to locally invariant one,
we call this "minimal coupling rule ” this is what we used to generate the extra term
in (2.2.7). But the covariant derivative introduces a new vector field A, which requires
its own free Lagrangian. Later on in 1954 Yang and Mills applied the same strategy
(insisting that a global invariance hold locally) to the group SU(2), and later on again
the idea was extended to color SU(3) producing chromodynamics.In the standard model

all of the fundamental interactions are generated in this way.

2.3 YANG-MILLS THEORY

Supposing that we have two spin % fields, 11 and 5. The Lagrangian in the absence of

any interaction, is

L = [iry" 1910yt — matpaihy] + [i9hay" 8puibs — mathaths] (2.3.1)

Is just the sum of two Dirac Lagrangians.We can write this in more compact form by

combining 1, and 5 in to a two component column vector:

(&
= 2.3.2
W (¢2> (2.3.2)

11 and 1y are four component Dirac spinors, and it is preferable to use the double-index
notations:y, ;,where a = 1,2 identifies the particle and ¢ = 1,2,3,4 labels the spinor
components.However presently we are concerned with the particle index. The adjoint
spinor is then

b= (41 i) (2:33)
And the Lagragian becomes

L = iy 9,0 — b M) (2.3.4)



my

Where M = < ) is the mass matrix.If two masses are equal, m; = mo = m then

0 mo
the Lagrangian be

L = ipy" 9,0 — mypyp (2.3.5)
This is similar to that of single particle Dirac Lagrangian. v is now a two-element column
vector, and L admits a more general global invariance than before
v —= Uy (2.3.6)
Where U is 2 x 2 unitary matrix UTU = 1 for this transformation
Y —PU" (2.3.7)
and hence the combination 11 is invariant. So any unitary matrix is written in the form
U=¢l (2.3.8)

+

where H is hermitian (H" = H). The most general hermitian 2 x 2 matrix can be

expressed in terms of four real numbers,ay, as, az and 6
H=01+r71.a (2.3.9)

The dot product is convenient short hand for 7 a, + mas + 1303, where 7, 75, 73 are pauli
matrices and 1 is 2 X 2 unit matrix. Thus any unitary 2 x 2 matrix can be expressed as

a product U = ¢ Now we shall concentrate on the transformation of the form
P — e (2.3.10)

[global SU(2) transformation|. Generalizing the terminiology we say that the Lagrangian

(2.3.5) invariant under global SU(2) gauge transformation. What Yang and Mills did

was to promote this global invariance to the status of a local invariance.To do this the
a(z)

first step is letting the parameter a be function of z*, so let A\(x) = e where ¢ is the

coupling constant analogous to electric charge.

Y = S, (2.3.11)



where S = e~ is local SU(2) transformation. As it stands L is not invariant under

such a transformation,for the derivative picks up an extra term:
O = SO + (0,5)¢ (2.3.12)

Now we replace the (J,) in L by a ”covariant derivative” in order to ensure the local

invariance, by taking in to account the structure of the equation:
D, =0,+1iqr.A, (2.3.13)

and assigne to the gauge field A, in this time it takes three of them, a transformation
rules such that

Db — S(D,) (2.3.14)

For the Lagrangian (2.3.5) will clearly be invariant. It is possible to deduce the transfor-

mation for A, from (2.3.14), that A, — A;L, where A;; is given by

rA, = S(r.A)S™ + 2(@5)51 (2.3.15)

o

Transformation of non-Abelian field under local gauge transformation. It is straight for-
ward to show. But S and S~! in the first term can not be brought together, because they

do not commute with 7.4,,.

2.4 The Gauge-Covariant Formulation Of GWS The-
ory:Weak Isospin And Weak Hypercharge

In the theory of weak interaction the leptons are divided into left-handed isodoublets

Ll _ <¢Vz> _ 1 _275 <¢Vl) ’ (2‘4'1)
i), U

and right handed isosinglets 7' = 0 is

(T =315 =+3)

Ry = (Y)r=——%5—U (2.4.2)



Where [ runs over e, u, 7,starting from (2.4.1) and (2.4.2) we demand the invariance of

the theory with respect to gauge transformation, that is,

(%l) N (%l> :eia(z).f (ZZJVZ)
i), i), W),
= ¢i@-3 <¢”) = UL, (2.4.3)
(0

L
(W)r — ()5 = €@ () g = U1 R, (2.4.4)

Here Y =Y is the generator (constant) of U(1) group. By the relation
Liy*iD, Ly + Riy*iD, Ry (2.4.5)

for the kinetic energy term of the Lagrangian density. We can find the gauge invariance

with respect to (2.4.3) if we replace 0, by the covariant derivative ﬁ#,where

’

D,=0,—igT A, — i%?Bu (2.4.6)

where T, Ty, Ty are three generators of the SU(2) group, Y is the generator of U(1) group.

In order to ensure the gauge invariance,we have to introduce gauge transformation
~ ~ ' / 21
A, T = DA, TU + 2U5(0,U5Y), B, — B, = B, + —U1(0,U7") (2.4.7)
g g

Here Uy and Uy are U(1) and U(2) transformation respectively. The new degree of freedom
connected to gauge field A, and B, have to be supplemented by gauge invariant kinetic

energy term in the Lagrangian density. This is done by using field strength tensors.

F, = F,.T=D,(A,T)—D,(A,.T)
= (DA, — 0,4, + gA, x A).T = F,, = 0A, — 9,A, + gA, x A, (2.4.8)

And
By = 0,8, — 0,B, (2.4.9)
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with gauge-transformation properties
F,, =F,, =UF,Us" = Uy(F,,.T)Us ", By — B, = By, (2.4.10)

respectively. The gauge invariant kinetic energies of the gauge fields A, and B, are given

by

L, = —%Tr{(FWf)(F’“’.T\)} = —EFW.F“” (2.4.11)
and
Ly = —%LBWB“” (2.4.12)
In summarizing the result
L' = Ly*iD, L, + Ry"iD, R — ;LFWFW - ;LBWBW (2.4.13)

In explicite representation

! ’

L =iLn"0, —igT.A, — z'%?BN]Ll + R0, —igT A, — @'%}A/BH]RI

1 1
_ZLF"”FW — ZB’“’BW (2.4.14)

With the help of table 1.2, we can easily verify by taking appropriate quantum numbers

Fermioo | T 75 Y Q0 |
Ve, Vp, Vr 1/2 172 -1 0

| eL,uL,TL 1/2 -1/2 -1 -1

| CRy LRy TR 0 0 -2 -1

! uL,cL 12 172 173 213
(de),(sc) | 172 -1/2 1/3 -1/3

_ UR,CR | 0 0 4/3 2/3

L @orGer| 0 0 =23 -1 ]

Table 2.1: Quantum numbers of weak isospin and hypercharge of leptons and quarks

T and Y for L. and R, respectively, At this stage the gauge fields still massless,However
some of them acquire a mass, since we know a vector bosons must be massive. We shall

achieve this in the next chapter by applying the Higgs mechanism.
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2.5 The Standard model is a Gauge Theory

At present the standard model of elementary particle (leptons and quarks) theory de-
scribes three of the four known forces of nature, That are; electromagnetic, weak and
strong interaction,but not gravitation.

It is based on quantum fields that are generalization of Yang-Mills gauge fields. Yang-
Mills theories are based on the principle of local gauge symmetry,that are the symmetry
to be present in the physical system already built the Lagrangian density of the system.
The electroweak part of the standard model is based on the gauge group SU(2), x U(1)y
which consists of two sets of gauge transformations with gauge coupling ¢ and g". U(1)y
is the gauge group of the weak hypercharge,and SU(2);, is the gauge group of the weak
isospin, where the index L reminds one that only the left handed fields participate in the
weak interaction (parity violation). The gauge fields associated with the gauge groups are
identified with the mediators of the interactions between matter particles. These objects
are called gauge bosons and in order not to violate gauge invariance they should all be
massless in contradiction to what is required by the experiment. The way massive gauge
bosons can be introduced into a gauge theory without spoiling the gauge symmetry will be
explained in the introduction section for the simple case of the U(1) gauge group.This can
then be easily extended to the SU(2) x U(1) group.This group is the gauge group of GWS
theory, because it is a correct theory that describes the electroweak interaction up the
currently tested energies. Electroweak interaction among particles, leptons and quarks is

a theory of GWS which is recognized as one of the pillars of the standard model[15].



Chapter 3

GLASHOW-WEINBERGE-SALAM
MODEL FOR LEPTONS

We can formulate the GWS theory of weak and electromagnetic interaction among leptons
and study their properties.The starting point is as follows. There exist chagrged and
neutral weak currents, the charged current contains only couplings between left-handed
leptons, the bosons W+, W~ and Z° mediating the weak interaction must be very massive,
massles bosons which recieve masses through the Higgs mechanism. In order to fulfill these
we introduce two vector fields, one isospin triplet AL(Z = 1,2, 3) and one singlet B,, which
should finally result as fields of physical particles W+, W=, Z% and the photon through
the symmetry breaking induced by the Higgs mechanism which is part of the discussion in
the next section. The leptonic fields have to be distinguished according to their helicity.
Every fermion generation (e, u, 7) contain two related left- handed lepptons.These form

an ”isospin” doublet of left- handed leptons, denoted by L;(i = e, u, 7):

1 —75 (Yo 1L —5 (W, L= (o,
L. = L, = L, = 3.0.1
=) e () esm () e

There are also right-handed components of the charged massive leptons. A right-handed

neutrino does not exist, therefore right-handed leptons can be represented by singlets:

1475
2

1+
2

L1475
2

R, = ( )wm Ru = ( )%’ R, = ( )wT (3'0'2)

Now we consider various current successively, that is charged,neutral and electromag-

netic,here we are showing only the first generation, and we can treat the others in the

12
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same manner. In our calculation we are going to use the property of 5 anticommuting
with every v* and we further utilize the property that (75)* = 1. This yields for example,
(1=75)% = 2(1 = 75) and 7*(1 = 75) = 37*(1 = %5)% = (1 +75)7*(1 —75) = 2558050

Finally we apply the relation (3.0.1) that is

7 - T

= (4u. z/;e> (3.0.3)

The charged currents have the form

el 1+ V5 _a 1— i
JE) :@D’Y (1_75)¢V5_2¢e 9 57 9 51/JV5
- 00 N
=2L.A" L.=2LA~"T_L, (3.0.4)
10

JO = (9N = 2L 4T, L. (3.0.5)
with Ty = T, + iTy and (7/;_)Jr = ﬁr. The electromagnetic current exists only for

e, , T . so it is given by

- 1- 1~
Tt = 07" e = 507" (1= 3)te + 507" (14 75)0e

I e TR e L—7 147
- 1/}6 2 2 we + 1/)8 2 fy 2 ¢e
_ 0 0
= Le/ya Le + Re/yaRe
0 1
_ 1 ~
= Le’Ya(g —T3)L. + Rev R, (3.0.6)

This electromagnetic current splits up in to a part —L.y*T3L. belonging to isotriplet.
and the other part %Z)evaLe + R.v*R, representing an isosinglet current We may expect
the neutral current Jée)a to have similar form , so that we can rearrange the currents in

to isotriplets and isovector gauge field A,,,
LA*TL, (3.0.7)
and an iso singlet to be associated with the gauge field B,,,

1- _
sLevale + RevaR. (3.0.8)
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These currents are minimally coupled to the the corresponding gauge fields:

e T 1= @ D .o
Ly = 9(Ley*TLe). Ao — g [5(Ler* Le) + (R Ro)) B (3.0.9)

This equation characterizes the structure of ineraction as demanded by our general group-
theoretical consideration concerning the two gauge fields A, and B,. The real(physical)
photon does not couple to the singlet current (3.0.8), but to Jg,, (3.0.6). Therefore it

has to be represented by a mixture of B, and Ai fields.

A, = cosfB, + sinf A, (3.0.10)

the combination is orthogonal to A,,,
Z, = —sinf B, + cosh A} (3.0.11)

Which describe the (physical) neutral intermediate boson of weak interactions. The in-

verse of (3.0.10) and (3.0.11) are
B, = cosfA, — sin0Z,, A = sindB,, + cos0Z, (3.0.12)
The mixing angle @ is called the Weinberge angle, finally we can write
1
W& —
VR

where A}, = W, and A2 = W2, the field W, describes an incoming negative or an out

(A}, £iA2) (3.0.13)

going positive W boson. by inserting (3.0.12) and (3.0.13) in to Lagrangian density L

int?
we can easily obtain

L = Lo W+ W)L

_ ~ , 1= _
+[gcosOLy“T3L, + g sz’n&(gLe’yo‘Le + RV Re)| Zo
/ 1- _ _ ~
+[—g (:059(§Le’yaL6 + RAYYR.) + gsinf Ly T3 L] Aq

g e)x — e e e)x
ﬁ(‘]() W)+ JO W L g9z ) —egllea, (3.0.14)
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with

J 9% = 9L AT L, J'9 = 2L~A°T, L,

e)a T 7 . 1 B,
Jé Jo _ 2\/§[cosLe’yaTLe + g—sm(§Le’yaLe + RAR.),
g

e)x T a 1 - D, o
—eJY)Y = —e[Ly (5 —T3)L. + RA°R.]

7 g cosb

= —[Loy( — gsin@j’\g)Le + g/cosé’Rey"‘Rea]

Equation (3.0.14) contains the explicite form of the neutral weak current in the frame

work of GSW model. Using the relation e = gsinf = g cosf we can write

/

a)a 7 = . 1~ D
Jé Jo _ 2\/5[0039L670‘T3Le + g—szn@(éLe”yo‘L6 + RAR,)]
g

2

— ~ 1 —
[Ley*(cos*Ts — isinQQ)Le + sin*0R. " R.]

~ cosh
2 - 1 0 _
_ V27 L. + 2sin®0R./"R.] (3.0.15)
cost) 0 —cos26

We can write interms of left-handed isodoublets and right-handed isosinglets spinors, so
that L; and R; have been expressed in terms of leptons and neutrino spinors ¢; and 1,

where [ = e~, 4, 7~ then the neutral weak current then becomes,

e)a 2 7 . 7 . N
7y = %wwu =950 — (L= 2sin0)Ply* (1 = 3 ) + 2sin 0y (1 + 58]

= (V2c050) " [y (1 — v5)thus — (1 — sin20) Py (1 — 51y + 25in20; (1 +75)1] (3.0.16)

In the last expressions we have generated the three weak currents,two of them are
charged and one neutral, so that they are making coupled with two vector bosons of
charged current of weak interaction and one neutral gauge boson. since all the gauge
bosons of these weak interactions that mediating the interactions had to be massive

through Higgs mechanism which is points of discussion in the following section.
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3.1 The Higgs Mechanism

In particle mechanism,this mechanism is a process in which gauge bosons in a gauge
theory can aquire non-vanishing masses through absorption of Goldstone bosons arising
in spontanous symmetry breaking. The implementation of the mechanism adds an extra
Higgs field to the gauge theory. The spontanous symmetry breaking of the underlying
local symmetry triggers convertion of components of this Higgs field to Goldstone bosons
which interact with some of the other fields in the theory, so as to produce mass terms for
some of the gauge bosons.This mechanism may also leave behind elementary scalars (spin-
0) particles,known as Higgs bosons. In standard model,the phrase “Higgs mechanism “
refers specifically to the generation of masses for the W+ and Z° weak gauge bosons

through electro weak symmetry breaking. The mechanism is as follows. Let

(01(2) + ida(2))
NG

be a complex scalar field and A,(z) be the massless gauge field of the U(1) gauge

P(z) = (3.1.1)

group,then the Lagrangian of the theory is taken to be

L= (D,0)" (D) = V(| &) — 1 Fyu "™ (312)

Where F,, = 0,A, — 0,4, is the antisymmetric tensor of the gauge field and D, =
0, —igA, is the covariant derivative that ensures invariance of the Lagrangian under the

local gauge transformation.

b — ¢l _ eigx(:v)(b
A, — A, = A, — d.x(x) (3.1.3)

An explicite mass term of the form %Q.AMA“, on the other hand would break local gauge

invariance and is there fore not allowed in £. The potential V in (1.5.2) has the the form

V(o) =—1*(¢"d) + A¢"¢)*, (3.1.4)
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Figure 3.1: A graphical illustration of so called Higgs potential.For a complex scalar field
¢ there exists an infinite number of minima of a potential V' as indicated by the dashed
ellipse.The real field h(z) can be expressed as an excitation of ¢ around the value at its
minimum.

where the parameter —u? and A are chosen to be positive( this choice result in the potential
to have the form shown in figure 1.2). To find the ground state of the field ¢ one has
too calculate the minimum of the potential. The absolute value of ¢ at the minimum is
| o |= \/g = % The constant \/Li is called the vacuume expectation value of the field
¢. Since ¢ is complex the ground state is degenerate and the set of minima is described
by ¢? + ¢2 = v2. One of these posible ground states has to be selected as the ground
state (vacuume) of the theory. Without loss of generality it will be taken as the real
field ¢y = \/Li Whereas the Lagrangian of the theory is invariant under the gauge
transformation, the ground state is not. This is commonly referred to as spontaneous

symmetry breaking. In the next step the fields are investigated in the vicinity of the

ground state. Let the field ¢ be expanded as follows:
6(2) = 6y + 5 h(z) +iE(2)] (315)
x) = ¢gs + —=[h(x) + i&(x)]. 1.
V2
When this is substituted in to (1.5.2) we can obtain the following expression
1 1
L= 5(@ —1gA,) (v +h —i&) (0" +igA")(v + h+i&) =V (h, &) — ZF‘“’FW’ (3.1.6)

With the potential

2

V(h&) = Slv+h)? +¢ - %[(whﬁ + €72, (3.1.7)
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The masses of the field quanta (%Q,to be precise) are given by the coefficients in front of
the quadratic terms of the fields. The first term on the right hand side of (1.5.5) contains

the expression %A#A“, which can be interpreted as a massive gauge boson with mass
my = gv. (3.1.8)

To second order in the fields (1.5.6) can be written as V) = const + %hz, which yields
a scalar boson with mass

my = V2 (3.1.9)

Since all terms proportional to &2 cancel this scalar particle is massless. To summarize:
for a simple parabolic potential V' = p?¢*¢ in (1.5.1) the theory contains two massive
scalar particles ¢; and ¢, and a massless gauge boson A,. If the potential is deformed
(by whatever mechanism) to the form shown in Fig 1.2, the mass of one of the scalar
particles shifts to the gauge boson. This is generalized in the Goldstone theorem which
states that for each spontaneously broken dimension of the gauge symmetry group there
exists a massless scalar field, called a Goldstone boson. Whereas the h field, called Higgs
field after one of its inventors, is a real field and should be observable in experiments,
the ¢ field (and the Goldstone bosons in general) can be eliminated from the Lagrangian
by a special gauge transformation. In other words, the Goldstone bosons are unphysical
states corresponding to the gauge freedom of the theory. This section will be concluded by
listing some important properties of the dynamical Higgs field (not to be mixed up with the
constant field v that pervades space-time) and in the next section it will be discussed how
the Higgs mechanism works in the context of the gauge group of the unified electroweak

theory.

The Higgs field cannot be gauged away and should therefore be observable as

a physical particle H.

The mass of the Higgs particle is given through the parameters v and .

Whereas v is determined by the gauge boson mass and the generalized charge
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quantum number of the theory, the parameter \ of the Higgs potential is
unknown. As a consequence the Higgs boson mass is not predicted by the

theory.

There are self-interaction terms of the Higgs boson (e.g. four A fields with the

coupling \).

The number of degrees of freedom of the fields is conserved. A massless gauge
boson has two degrees of freedom (the transverse polarization states) and a
complex scalar field also has two.When the Higgs mechanism comes into action
we are left with a massive gauge boson with three polarization states and one

real Higgs boson.

3.2 Application of Higgs Mechanism for the S(U) x

U(1) gauge group of GWS model

The first attempt (Schwinger 1958) to unify weak and the electromagnetic interaction
used to the SU(2) group.This group was chosen to accommodate the three known gauge
bosons, two vector bosons of charged current of the weak interaction and the photon.
Having one dimension more than the SU(2) group alone,and this gauge theory predicted
another neutral gauge boson,known as the neutral current of weak interaction. Since
all the gauge bosons of the weak interaction had to be massive, in a theory with three
dimensional spontanous symmetry breaking,by introducing three Goldstone bosons. In
the GWS model this is achieved by breaking SU(2);, x U(1)y to U(1)em, where U(1).y, is
the gauge group of the electric charge(with the massless photon as the gauge boson).The

mechanism is as follows,but the final step is to study the spontanous breaking of a local
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gauge symmetry. Here we take a simplest example:a U(1) gauge symmetry. In the fol-

lowing section we extend to the discussion to SU(2) .First, we must make our lagrangian,
L = (0,0)"(0u0) — 1*¢"¢ — M¢"9)* (3.2.1)
is invariant under U(1) local gauge transformation ,
p—e g (3.2.2)
this requires d, to be replaced by the covariant derivative
D, =0, —1ieA, (3.2.3)
where the gauge field transforms as
A,—A,+ (1/e)0,o (3.2.4)

The gauge lagrangian is thus

L= (Dy¢) (Dup) — p°¢" 6 — AN(¢*0)*,
L= D;¢"(Dyuo) — 1*¢"¢ — A7),

L= (0, +ieA,)¢p" (0, —ieA,)p — 126" — M¢™0)* — EFMVFW (3.2.5)

Here we take % < 0, since we want to generate masses by spontanous symmetry breaking.

We repeat by now a familiar procedure of translating the field ¢ to a true ground state.
1
¢x) = /5l +n(2) +£(2)] (3.2.6)
substituting equation (3.2.6) in to (3.2.5) we can obtain the Lagrangian

| 1 1 1
L = 5(@5)2 + 5(3“77)2 — 2 + §€2y2§A“ —evA, 0" — ZFWFW + interaction term
(3.2.7)
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The particle spectrum of L’ appears to be massless Goldston boson &, a massive scalar 7,
and more crucially a massive vector A, for which we have sought so long. From equation
(3.2.7) we have m¢ = 0,m,, = V2 v and m4 = ev. We have dynamically generated a
mass for the gauge field, but still we have a problem of occurence of a massless Goldstone
boson. To handle this problem, we can find a particular gauge transformaton which will

elliminate a field from Lagrangian. A clue is to note that

O = \/g(u—l—n—i-zf):\/g(u—l—n)eif (3.2.8)

to lowest order in £. This suggests that we should substitute a different set of real fields

h,0,A,, where

1 i0(x)
¢—>\/;(AH + h(z))e™
1
Ay A+ —0,0 (3.2.9)

in to the original Lagrangian (3.1.7). This is a particular choice of gauge,f(x) chosen so
that h is real. we there fore anticipate that the theory will be independent of 6. In deed,

we obtain
L' = l(a h)Q—Au2h2+162y2A2 whd g teazpz eazn Ly JFM(3.2.10)
2 2 " 4 2 m SV

The Goldston boson actually does not appear in the theory. That is, the apparent extra
degree of freedom is spurios, because it corresponds only to the freedom to make a gauge
transformation. The unphysical Goldstone field have already been gauged away. The

Lagrangian describes two interacting massive particles, a vector gauge boson A,, and a

i
massive scalar h, which is called Higgs particle. The unwanted massless Goldstone boson
has been turned in to the badly needed longitudinal polarization of the massive gauge

particle. This is called “ Higgs Mechanism” as mentioned in section 3.1.
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3.3 Spontanous Breaking of Local SU(2) Gauge Sym-
metry

. It is necessary to repeat the procedure for an SU(2) gauge symmetry, because it provides
preparation for the discussion of the gauge symmetries of the electroweak interaction. We

take the lagrangian
L = (9,9)7(0"9)) — 1?d" ¢ — Mo™¢) (3.3.1)
where ¢ is an SU(2) doublet of complex scalar field:-
o 1 + )
6= <¢ ) - \/j <¢1 @2) (3.3.2)
ok 2 \ o3+ iy
L is invariant under global SU(2) phase trasformations
b ¢ = el (3.3.3)

To achieve local,that is, a,(x), SU(2) invariance of £ ,we follow the step,and we replace
d, by the covariant derivative

. T
D,=0,+ zg§Wﬂ (3.3.4)
and three gauge fields, W (z) with a=1,2,3. Under an infinitesimal gauge transformation
) , T

o) = ¢ (x)=(1+ Zoz(x)§)¢>(x) (3.3.5)

the three gauge fields transform as

1

w,—Ww,— gﬁua —axW, (3.3.6)

The o x W, occurs because W, is an SU(2) vector.The gauge invariance Lagrangian is
then
1 1
L=(0,06+ ig%.W#gzﬁ)Jr(a“gb +ig3mIWH0) = V(6) = T Wi W (3.3.7)
with

V(9) = 1’0" + A" 0)* (3.3.8)
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And we have added the kinetic energy term of the gauge fields with
Wy =0W, —o,W, —gW, xW, (3.3.9)

The last term in (3.3.9) and (3.3.6),arises from non-Abelian character of the group,it
occurs because 7's do not commute with each other.If 4> > 0, the Lagrangian equation
(3.3.7) describes a system of four scalar particles ¢; of (3.3.2) each of mass p? interacting
with three massless bosons Wj. We are interested in the case p? < 0 and A\ > 0.The
potential V(¢) of (3.3.8) then has its minimum at a finite value of |¢| where

12

(61 + &5+ 65+ 1) = =5

(¢)T¢ = (3.3.10)

1
2
This points at which V (¢) is minimized is invariant under the SU(2)transformations. We

must expand ¢(x) about a particular minimum,So we can choose

2
1 :¢2=¢4=0,¢§=—7 v (3.3.11)

The effect is equivalent to the spontanous breaking of the SU(2) symmetry. We now

expand ¢(x) about this particular vacuume

Po = \/g <0V> (3.3.12)

The result is that, due to gauge invariance,we can simply substitute the expansion

1 0
o) =4/3 ( - h@)) (3.3.13)

in to the lagrangian (3.3.7). That is,of the four scalar fields,the only one that remains
is h(x) (the Higg’s field).The argument is as follows, proceding in analogy to (1.9.9), we
parametrize fluctuations from the vacuume ¢, interms of four fields 61, 65, 63 and h , using

the form

V2

o(z) = e ( yi(m)) (3.3.14)
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To verify that this is perfectly general, we examine a small perturbations,So we can find
5 \/T 1+i% (=t 0
S V2 \(atitey (1 —4%) ) \ v+ h()

1 bti6 (33.15)
V2 \y b —ifs o

We can see that the four fields are indeed dependent and fully parametrized the devi-

that

ation from the vacuume ¢q.Now the Lagrangian is locally SU(2) invariant[4]. There fore,
we can gauge the three massless Goldstone boson fields 6(x) of (3.3.14). The Lagrangian
will then contain no trace of 6(z), hence we arrive at the result (3.3.13).To determine the

masses generated for the gauge bosons Wji. The relevant term of of (3.3.7) is then be

ig Wil = (ig5.W,0) " (i ;
_ g_2| wp - ZW2 2
8 Wjﬂ'wj
= g | W/jr

2,2

== [(W,)? + (W2)? + (W) (3.3.16)

W)

We compare this terms with a typical mass term of boson,; M?B2 and find M = jgv.
That is the Lagrangian describes three massive gauge fields and one massive scalar h. In
summary, the gauge fields have “eaten up” the Goldstone bosons and become massive.
The scalar degrees of freedom become the longitudinal polarization of the massive vector
bosons. This is another example of Higgs Mechanism. The higgs mechanism has en-
abled us to avoid massless particles. Remember that the basic problem is not to generate
masses,but to incorporate the mass of weak boson while still preserving the renormaliz-
ability of the theory. It is widely belived that gauge principles may generate the structure
of all particle interaction. The standard model for weak and electromagnetic interac-

tion is constructed from the gauge theory with four gauge fields, the photon and massive
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bosons (W= and Z°).We generate the masses of the gauge fields by spontanous symmetry

breaking ensuring that one of them (the photon) remains massless.

3.4 Choice of The Higgs Field

Now we want to formulate the higgs mechanism so that the W+ or W~ and Z° become
massive and the photon remains massless. To do this we introduce four scalar fields ¢;.

We have to add L; and SU(2) x U(1) gauge invariant Lagrangian for the scalar fields.
| Y )
Ly =| (0, — gT.W),, — g EBH)QS © V(o) (3.4.1)

To keep Ly gauge invariant, the ¢; must belongs to SU(2) x U(1) multiplets. The most

economical choice is to arrange four fields in an isospin doublet with weak hypercharge

Y =1
()
bo
with
ot = (D1 +ip2)
V2
b0 = (62 % igu) (3.4.2)

V2

This is infact the choice originally made in 1967 by Weinberge.It complete the specification
of the standard model of the electroweak interactions. It is also called “Weinberge-Salam
Model“ To generate gauge boson masses,we use familiar higgs potential V(¢). Where
V(o) = 2o + MoT¢)? with p? < 0 and A > 0 and choosing the vacuume expectation

value,pg,0f ¢(x). The appropriate choice is

do = \/g <S) (3.4.3)

Any choice of ¢y which breaks a symmetry operation will generate a mass for the cor-

responding gauge bosons, However, if the vacuume ¢q is still left-invariant by some sub
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group of gauge transformations, then the gauge bosons associated with this sub group will
remain massless.Now, the choice ¢y with T' = %, Ty = —% and Y = 1 breaks both SU(2)
and U(1)y gauge symmetries. But ¢ is neutral. The U(l,,) symmetry with generator

Q=13+ % remains unbrocken. That is Q¢y = 0 So that

do = ¢ =M% = ¢y (3.4.4)

For any value of a(z). The vacuume is that remains invariant under U(1).,, transforma-
tions,and the photon remains massless. Out of four SU(2) x U(1) generators 7', Y ,only the
combination ) obeys relation of Gell-Mann[1]. The other three break the symmetry and
generate massive gauge bosons. The higgs field has to carry both isospin and hypercharge

in order to give mass to the gauge bosons of SU(2) x U(1)y.

3.5 Masses Of The Gauge Bosons

The gauge boson masses are identified by substituting the expectation value ¢q for ¢(x)

in the Lagrangian Ls. The relevant term in (3.2.1) is

!’

T . g
| (—ZQT'WM - ZEBM)¢ ?
0 1
Where a = 1,2,3 and 7!, 72,72 are the pauli’s matrices,given by 71 = ( ) T2 =

0 —1 1 0 .
and 73 = , so that the above expression becomes
1 0 0 -1

L (ngf%—g’B# g(W} —iwg)) (0) :
8 \gWi+iW?2) —gWi+gB,) \v

_1 <9W3+9'Bp g(W,) ) <0> 2
8 gWw,h)  —gWi+gB,) \v

1 1., /
= nggz[(W,i)Q + (WH* + gVQ(g B, —gW;)(g B, — gW})
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1 o1 g =99\ (Wi
— (§yg)2WJWu + g(Wj’,Bﬂ) ( A a (3.5.1)
99 9 By
Since W = \/g (W,+iW?), comparing the first term with the mass term expected for a
charged bosons, so that we have

1
My = 39 (3.5.2)

The remaining term is off-digonal in the W, and B,, basis;

Lo o g 113 2 2
5[9 (W.)" =299 W,B, +g~B,]

1 ! ! /
5V 9Wi = 9 Bu? +0lg Wi+ g B,J? (3.5.3)

Now the physical field Zu and A, diagonalize the mass matrix, so that (3.5.3) should
be identified with §M3Z; + 5 M3 A2 where § is appropriate for a mass term of a neutral

vector boson. So on normalizing the fields,we have

W3+ gB
A, = % (3.5.4)
Vg t+yg
with MA =0
W2 —gB
Z,= 9V =9 Pn (3.5.5)

with My = Jv4/g?> + g'2. We can express these notation by using the notation(3.5.10),

from this

/

J _ tanfy (3.5.6)

g
Interms of 6y,(3.5.4) and (3.5.5) become

A, = cosbw B, + sin@WWfL’, Z, = —sinbw B, + cosHWWfL’

From (3.5.2) and (3.5.5),we have that

My, 1
L = cosf 3.5.7
My secly, cosvw ( )

The inequality M; # M, is due to the mixing between the Wy, and B, fields.The

mass eigen states are automatically a massless photon (A,) and a massive Zy field with
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My > My .In the limit 6y, = 0,we see that My, = Myz. The model was constructed
with the requirement that the photon be massless, and so the result M, = 0 is just the
consistency check on our calculation and not the prediction. However, the result (3.5.7)

for %—V; is a prediction of the standard model (with its Higgs doublet)[1].



Chapter 4

The Lagrangian Formulation of
GWS Model for leptons

The lagrangian recognizes it self after the Higgs boson aquires a vacuume expectation value
(being massive). Thus the Lagrangian of GWS that best describing the electromagnetic
and weak interaction of leptons.So we can write the closed form of the Lagrangian by

breaking up in to several components as follows.

Lew = Ly + > Loy + LY + L, + LY + LY, (4.0.1)

l=e,u,T

These complete Lagrangian consists of the following parts
(a) Free fields(massive vector bosons,photons,leptons):

1 1
Liy, = —5(8HWZE+)—8,,Wj)(8“W(*)”—8”W(*)“)+MV2VW(”W(*)“——(auZy—(?VZH)(a“Z”—(?”Z“)

1 1
+§M§ZMZ“—;l(@AV—@uAu)(a”AV—aVA”H > Whuin"0, G )¢uz+¢l(27“3 —1my) ]
l=e,u,m
(4.0.2)
(b) Lg’vf,),The lepton boson interaction
Lg’é} N L\/_l (1 - ’75)770V1VV;S_) + &Vﬂ/u(l - 75)¢ZW,E+)]/
4CZ 0 [hu, Y (1 = ¥5) 0, — 0y (1 — dsin® — y5)] Z —€¢17 ¢1A (4.0.3)

b c
The Feynman diagram will be

29
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Figure 4.1: The .vertex factor for a = 2%7“(1 — ), for b = ZZ4#(1 — 75) and for
c = —evy" respectively

(¢) Third order interaction of vector bosons:
LGy = igeost[(9, W) — o,W YW Hkzy — (9w — o, W)Wz
_ze(ﬁquS_) — aVW;S_))W(—F)uAV 4 Z€<8,LLW1£+) - ayW‘L(L+)>W(_)/’LAV

+igcost(0,Z, — 0,2, )W W —ie(d,A, — 9,A,)W Sy (4.0.4)

(d) Fourth order interactions of vector bosons:

LGy = —gPcos®0 (WOW Sz, 27 — wWHOW 20 27) —e (WHW A, A7 — WOW) A A7)

. K ~~ J/ . ~ J/
1 2
+egeost) QW HW Iz, Av — WIOW ) zeAr — wIHDW) Zv AR
N - )
+4* (WIS+)W(—)MW£+)W(—)V — W,E_)W(_)“WV(+)W(+)”) (4.0.5)

~-
4

The Feynman diagram will be

Figure 4.2: The vertex factor is —g?cos?0 and —e? respectively

(e) The Higgs-Gauge boson interaction results from minimal coupling terms

in (3.4.1)
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Figure 4.3: The vertex factor is egcos) and g2 respectively

’

LHG —| (i9, + gT. A, + %Bﬂym 2~ | 0,0 2 (4.0.6)

nt T

By using (3.0.12) we have

AS + ‘B, 0
g3+ g, <g ! . )
2 "2 0 —gAS + g B,
A T cos20 0
- (e o e ) (4.0.7)
0 " 2cosf Z/‘

Again by using (3.0.13) and (4.0.7) the gauge field terms can be expressed as the following

isospin matrix

/

gT. A, + 2B Y_gT3A3+ B S (T+W++TW )

2 V2
— eA!L + g;iiﬁz LW+ (4 O 8)
%Wﬂ_ 2Cg89 Z

Writing out the square in (4.0.6) we can find that the mixed terms involving 0,¢ cancel

each other because of the factor i.Then the remaining term by using (3.3.13) becomes

LG — ;(y +h)[(9T-Au+ T B,Y) (?) [*l(oT.A" + TBY) <(1)>]

+
2 508 on)  \ " el

2
= ¥
8

Z,2" 4 2W W 4.0.9
320 + ) (4.0.9)
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Figure 4.4: The vertex factor is % and sci% respectively

(f) The Higgs self interaction

2 2,2

Ly = _W_HH?’_%}ﬂ (4.0.10)
N 4mW 32mW
1 be

g*my
2
32myy,

2
Figure 4.5: for 2,1, the vertex factor is — and —i:—vl"/ respectively

The complete Lagrangian which describes the dynamics of the interaction is:

Lew = Ly + > Loy + LY + L, + LY + LY, (4.0.11)

l=e,p,7

Where

(a) Lg&, describes the part of the free boson and lepton fields

(b) D, i Lg’é) represents the coupling between the leptons of the generation

[ = e, u, 7 and the intermediate bosons.

(c) L?V?;) is the third order term of the bosonic fields describing their self-

coupling.
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(d) L5, is the fourth order term of bosonic fields describing self-coupling.

(e) LE% is the Higgs-gauge boson interaction (the coupling between Higgs field

wnt

and gauge bosons)
(f) Finally LY, contains the Higgs three and four point self-interaction term.

Thus the Lagrangian density that contains a large number of terms; its conceptual sim-
plicity, however, originates from the underlying gauge principle of the SU(2) x U(1) group.

We now apply this frame work to study decay of W~ boson.

4.1 Decay of the Charged Boson W~

In this section we first discuss decay of the negatively charged boson W~ induced by the

term in Lg’vj%,) of (4.0.11). The lowest order scattering matrix element is:

SW™ —Ip) = —i / d‘*(sc)%zﬁw(xwa — V) (x) W () (4.1.1)

With the notation of figure (4.6 b) the wave function of the incoming and out going

Figure 4.6: Leptonic decay mechanism of intermediate bosons

particles are

W(—)(m) = (2\/[{;0)_%€H<k7 A)e—ik.z’¢l(x) _ (QVQO)_%UI(Q, S)e—iq.z7

I

Yul(e) = (2Vay) Fu, (g, 8 )etie (4.1.2)
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e, (k, A) is the polarization vector of the W () boson.All we need to know about ¢, is the
summation over all three direction of polarization A yields.

Kok
ity 4.1.
My (4.13)

NE

en(k, Ney(k,N) = =g +
A—=1

Now we have to follow to perform the space-time integration
/d4xe iqatiq o—ika) _ = (2m)* g+ q — k) (4.1.4)

Squaring the matrix element and integrating over final states,averaging over the polariza-

tion of the incoming boson and finally dividing by the time T yields the decay rate.

1 dq &g 1 )
S 3222 SOV |

2 3 3
g 1 &g [d*¢ 11 9 4
=g | 555 M ) —k 4.1.
8 (27’(’ 2 / 2(]0 2q0 2]€0 Z | Ass’ ‘ (Q+q ) ( 5)
with
M/\ss/ = €M<k7 A)al<Q7 8)7#(1 - 75)“1/((]/; S/) (416)

Using the rules for calculating traces of Dirac spinors and v matrices we get the following

result:

Z | M,y P= Zﬁu ke, Ney (kA {Z (g, )7 (1=75)xvu(q , 5 )u(q, 8 )7 (1=75)wlg, 5)}

A8, s
K, o
= (=g + M2, —=)Tr{(p/ +mu)y" (1 —s)p /7" (1 —5)} (4.1.7)
The Dirac trace becomes
Tr{(p/ +m)¥"(1 = 75)p /7" (1 — 75)} = 2Tr{(p/ + m)¥"p /7" (1 — 75)}
= 200 Tr{v* 777" (L = 75)} = 8qaqz(g™* g™ + g™ g™ — g* g™ + i=*?)
=8l¢"q" + ¢“q" — (¢.4)g"™ + ieo‘“'g”qaq/ﬂ] (4.1.8)

Here we have used (4.1.3), and one way we may wonder why we are allowed to sum

over the neutrino spin s  in (4.1.7), although we saw that only left handed neutrinos
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exists. The reason is simply that the V' — A coupling v*(1 — ~°) vanishes when applied
to the right-handed neutrinos:(1 — 75)(1 + 75)v, = 0. Inserting the result of the Dirac
trace in to (4.1.7) we can see that the last term does not contribute, because (4.1.3) is

v

symmetric with respect to indices p and v,where as €**” is totally antisymmetric.From

the energy-momentum relation k* = M3, we find that:

S| My, P= M%Vm(q.k)(q’.k) + M (q.q)] (4.1.9)

Ass’
Because of the delta function in (4.1.5) the second term can be expressed in terms of the

rest masses:
Miy =k =(q+4d) = +q°+2(q—q) =m+2(¢q) (4.1.10)
If we now insert all terms in to (4.1.5) we obtain the decay rate

2 3/
I d— 4 ' ' 1o e
 48n? k;OM2 / / 0 a+q —k) x[(g-k)(q k) + 7 My (Myy —mp)]. (4.1.11)

For the calculation of the momentum-space integral we refer to results obtained in the

following equation:

e [0 [Tt =) = =T 201200 i)

ml
M2

><1+A’}”‘—;>9<MW ) (4.112)

The second part can be done in the following way. We integrate in the rest frame of the

W~ boson, where k, = (M, 0), yielding

3¢ : dq
/ / 561+q (QO+QO_MW)7:/q—q|5(QO+’q|_MW)

0|

w!q!dlq\ 2 +m? /""daz 2 2 \
" gy Vi lal M) =dn [ g m)de = M)
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Where we have substituted x =| ¢ | +1/¢> + m}. By inserting (4.1.12) and (4.1.13) in to

(4.1.11) we obtain the final result of the decay rate of th W~ in its rest frame:

1 m2 2
W =—¢"My(l-—)1 O (M — my). 4.1.14
M (1= {750+ SO —m (11.14)
If we use the connection between ¢ and the Fermi coupling constant G by < Nk M2 and

further exploite the fact that all known leptons are much lighter than the intermediate

boson, the result is

W(W™ —1p) ~ ——=M;, ~ 225MeV =~ 3.5 x 10%s~ (4.1.15)

7T\/_
Where we have taken the value of G as that G = (1.16637 + 0.00002) x 10~ MeV 2.

Taking in to account the three leptonic decay chanels | = e, u, 7 we can estimate the life

time of the charged intermediate bosons:

1 2nv2

v < = 107 4.1.16
T =3W T GM3, i (4.1.16)

This is remarkably long time for elementary particle with the mass of more than 80GeV/,

but it is far too short to be measured directly.



Chapter 5

CONCLUSION

S.Glashow, S.Weinberg and A.Salam proposed a gauge theory based on the frame work
of group of transformations generated by the weak isospin and hypercharge generators
associated with the gauge group of the unified weak and electromagetic interactions
(SU12), ® U(1)y)[2]. The SU(2), group provides, a triplets of gauge fields, W, =
W}}, Wi, Wﬁ’ coupling to a weak isospin 1" and describes a weak interaction between left-
handed fermions and right-handed antifermions[9]. The U(1)y group results in a singlet
field B,, and couples to weak hypercharge Y. As a result of gauge symmetry,each family
of fermions can be classified in to left-handed doublets of weak isospin or right-handed
singlets.The electro-weak theory which is based on spontanously brocken SU(2), x U(1)y
gauge invariance is known as GWS model. We have reviewed Glashow-Weinberge-Salam
model for leptons starting with a massless theory which is a requirement of gauge invari-
ance and the massless gauge fields acquire mass by applying Higgs mechanism. Higgs
mechanism refers specifically to the generation of masses for the W= and Z, weak gauge
bosons through electro weak symmetry breaking. Finally the Lagrangian of GWS model

for leptons are reviewed, and as an application we study the decay of W~ boson[2].
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