ex-std : October 3, 2012

Exercises

1. (Higgs mechanism)

(a) Show that excitations of the Higgs field
around zero are tachyons — particles with
imaginary mass.

(b) For our U(1) Higgs model calculate all
the terms which in the lecture note are
denoted as the “interaction terms” and
interpret them. Check that I haven’t for-
gotten any mass terms.

2. (Standard model)

(a) Show that the fields A, Z, and VVAi are
eigenstates of the charge operator ) and
find the corresponding eigenvalues.

Hints:

i.

ii.

How to define an abstract op-
erator I which represents an in-
finitesimal generator 17

The action of an infinitesimal group
element 1 + ¢J«, acting on the rele-
vant object ¢, is by definition

o= (1+ilda)p=p+dp,

where ¢ denotes group covariant dif-
ferential

dp =ildap.

Analogously, the action of an ab-
stract operator I , representing the
generator I in the space of the object
® (which the operator I acts upon),
can be defined through the covariant
differential §® of the object under the
infinitesimal group transformation,
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Action of the abstract operator
Yy on the gauge fields B and W:
Under the gauge transformation gen-
erated by the week hyper-charge
U(1)w the covariant part of the
transformation of the fields B and W
is zero, thus
Yy Yw
5 B= 5 W=0.

The fields B and W are thus eigen-
states of Yy with the eigenvalue 0.

iii.

iv.

How the abstract operator T
acts on the gauge fields B and
W:

Under the infinitesimal SU(2)g
gauge transformation,

§B=0, W =i, W],

where o« = OéjTj, W = WjTj, Tj =
%Tj. Thus

3B =0,
TsW = [T, W]
Then, apparently,
TsWs =0,
TsW* = +WH |
where

1 )
W+ = E (W1 FiWs) .

How the abstract operator Q
acts on the gauge fields A, Z and
W:

From the definition Q =
immediately follows that

Y + Ty it

QA=0,

QZ=0,
OW* = 2w+,



